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PREFACE 


This study was commissioned in March of 1970 by the Department 
of Communications as part of a larger series of Telecommission studies 
dealing with various features of the telecommunications industry in 
Canada. In an effort to meet the mid-summer deadline imposed for the 
completion of all studies, the limited time available for this partic- 
ular investigation precluded a detailed analysis of cost characteristics. 
The approach adopted here has concentrated therefore on those aspects 
of industry structure and operations which are most closely connected 
with regulatory matters. 

The progress of the study has been greatly hastened through the 
efforts of Professor Max D. Stewart of the Department of Economics, 
University of Alberta, who assisted with the numerous interviews and 
in the analysis of information from various submissions, and who acted 
as research consultant throughout. Senior representatives from the 
following firms or organizations were interviewed during the months of 
May and June: 

Bell Canada 
Manitoba Telephone System 

Edmonton meetings with officials of: 
Alberta Government Telephones 
Bell Canada 
British Columbia Telephone Company 
Maritime Telegraph and Telephone Company 
New Brunswick Telephone Company 


CN-CP Telecommunications 


Electronics Industries Association of Canada 
Canada Wire and Cable Co., Limited 


Rogers Cable TV Limited 
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A.G.T. Data Systems Limited 

Computel Systems Limited 

L & W Data Systems Limited 

Multiple Access General Computer Corporation 


Stapleton, Dowdeswell, Kelly and Hunt, Ltd. 
(systems engineering) 


Clarkson, Gordon and Company 
(data processing consultant) 


Interviews arranged by Canadian Government officials abroad provided 
useful background information in the early stages of this study 


concerning: 


Hong Kong Government Authority on Telecommunications 
Systems 

Hong Kong Telephone Co. Ltd. 
(shareholder) 

Cable and Wireless Ltd. 
(U.K. Government) 


Singapore Telephone 
(Singapore Government Telecommunication Department) 


Nippon Telegraph and Telephone Public Corporation 
(Japanese Government; full range of 
telecommunications services) 


Walter D. Gainer, Ph.D. 
University of Alberta 
August 1970 
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OUTPUT AND MARKET CHARACTERISTICS OF 
THE CANADIAN TELECOMMUNICATIONS INDUSTRY 


1.1. The telecommunications industry concerns the electrical or elec- 
tronic sending and receiving of messages by parties at different loca- 
tions. The type of messages which people wish to send and the mode of 
their transmission are an interactive system. For example, the rapidly 
increasing use of the services of data processing firms means greater 
demand for higher speed and more flexible communications facilities. 
Although, for some purposes, it might be convenient to consider only 
the commercial communications carriers as a separate industry in isola- 
tion, it is much more fruitful to examine their interconnections with 
other phases of message sending, which are also essential elements in 
any communication network. One must be aware that the clear distinction 
in rates between local and long distance telephone calls has no special 
operational validity for the individuals and companies who wish to 
communicate with one another. Some calls across twenty miles are now 
"long distance" and others in major metropolitan areas are now "local" 
--a distinction that is obviously subject to change over time. It is a 
crucial matter for policy questions to see the interfaces between public 
carriers and other groups in society because those interfaces are the 
fields of combat, the points of conflict. The effective functioning of 
Canadian communications, which are at least as important as transporta- 
tion facilities, rests in large part upon the establishment of inter- 


connecting arrangements that aid, and do not impair, technical advance. 


yd 
1.2. Modern society and business send and receive three basic kinds of 
message--voice, picture, data. A particular user of a communications 
network will often desire to send or receive more than one type of 
message. From the user's point of view, acceptable solutions to what- 
ever communications problems may present themselves encompass to a 
greater or lesser degree all segments of the routing of a message Ti eke 
from and to the instrument or device on an office desk or kitchen wall. 
So long as the overall result suits the needs of the user, he shows 
little concern regarding the intercorporate SARE CE: that carry 
the message on its way. If inadequacies become apparent, he is likely 
to become interested in knowing that corporate arrangements have not 
inhibited the adoption of any useful organizational or technical arrange- 


ments that would remove the inadequacies. 


Commercial Common Carriers, Telecommunications 


1.3. In Canada two organizations, The Trans-Canada Telephone System 
and CN-CP Telecommunications, provide the major nationwide networks for 
telephone, telegraph, radio, television and data transmission and 
specialized services for defence purposes. A Crown corporation, 
Canadian Overseas Telecommunications Corporation, affords overseas 
communications links with Canadian users by cable, radio-telephone, 
radio-telegraph and satellite, subject to the provisions of the Inter- 
national Telecommunication Convention. It operates a satellite ground 
station at Mill Village, Nova Scotia. 


1.4. The eight member companies of the Trans-Canada Telephone System 


Bie 


(TCTS) account for more than 90 per cent of the telephones in Canada. 
From east to west, there are four shareholder "Bell" companies, three 
provincially owned organizations in the prairie provinces, and the 
British Columbia Telephone Company, which is controlled by the largest 
independent United States telephone company, General Telephone and 
Electronics Corporation. Bell Canada and British Columbia Telephone 
each own telephone companies that are not themselves members of TCTS; 
these two principal sets of privately owned companies have about 81 per 
cent of the telephones in use in Canada. The three provincially owned 
systems account for approximately 13 per cent of the country's telephones; 
the municipally owned systems of Edmonton and Thunder Bay operate 
slightly less than three per cent of the nation's telephones; and the 
remaining hundreds of smaller independent private companies have slightly 
more than three per cent. As might be expected, the telephone common 
carrier system is one of high concentration of ownership. 

1.5. The telephone system is not subject to uniform regulation. The 
Canadian Transport Commission has jurisdiction over its two largest 
members--Bell Canada and British Columbia Telephone. The three member 
companies in the Atlantic provinces are shareholder owned and come under 
provincial regulatory jurisdiction, as do the government owned Manitoba 
and Alberta systems. Saskatchewan Telecommunications is self-regulated 
through cabinet-appointed directors, the Minister of Telephones and a 
legislative standing committee. The agreed schedule of rates of ‘the 
Trans-Canada Telephone System has not been determined in the main by 

the influence of carefully considered regulatory policies of the various 


federal and provincial authorities. 


1.6. The Canadian telephone network uses open wire, cable, coaxial 
cable, and microwave. In the near future the joint public-private 
consortium, Telesat, will operate a communications satellite. The speed 
of technological advance in communications makes hazardous an estimate 
of how remote the introduction of further new techniques will prove to 
be. It does seem evident that there is great promise of dramatic 
increases in system capacity through the use of wave guides and, 
ultimately, laser tubes. There are a good many technical and economic 
challenges in the telecommunications field alone. 

1.7. CN-CP Telecommunications, under federal jurisdiction, is a joint 
undertaking of the country's principal railways--Canadian National, a 
Crown corporation, and Canadian Pacific, a shareholder company. It 
provides nationwide telegraph services and an extensive microwave net- 
work capable of handling voice, picture and data transmission. The 
routing of a telegraph message is likely to include an originating 
telephone connection and another one at the final destination. There 
are also a good many cases where the most appropriate message route for 
computer services companies and for their customers will include one or 
more telephone segments. Unlike CN-CP telegraph services, CN-CP micro- 
wave facilities are provided ehicele on a private, leased circuit basis. 
The voice and data transmission business of CN-CP Telecommunications 
has been recently experiencing more rapid expansion than its slow-growth 
telegraph operations. Its greater promise means more active concern 
and interest on the part of CN-CP Telecommunications in promoting that 


part of their business. 


Corporate Integration 


1.8. The two major privately owned telephone corporate systems possess 
strong elements of vertical integration between the provision of 
communications services and the manufacture of many essential components 
of a communications network--telecommunications equipment, wire and 
cable, and a variety of peripheral equipment. Bell Canada controls or 
has a substantial interest in three companies that are members of the 
Trans-Canada Telephone System--The New Brunswick Telephone Company 
Limited, Maritime Telegraph and Telephone Company Limited and Newfoundland 
Telephone Company Limited--and several other telephone companies. Bell 
Canada owns the largest telecommunications manufacturer, Northern 
Electric Company Limited, which has a subsidiary, Microsystems Inter- 
national, which means a highly significant element of backward vertical 
integration. The vertical integration that involves British Columbia 
Telephone Company results from its United States parent, General 
Telephone and Electronics Corporation, owning two major telecommunica- 
tions manufacturing companies that operate plants in Canada--Automatic 
Electric and Lenkurt. Several major telephone companies have already 
made tentative moves indicating interest in greater ownership and direct 
control of physical facilities in present or projected cable TV systems. 
CN-CP Telecommunications has integrated forward into the computer 
services industry through the acquisition by Canadian National and 
Canadian Pacific of 25.5 per cent each of the stock of Calgary-based 
Computer Sciences Canada Ltd. from its former U.S. parent, Computer 
Sciences Corporation. 


1.9. The effect of the integrated corporate systems is fourfold. First, 


that highly significant part of the market is largely foreclosed to 
independent manufacturers. Secondly, their manufacturing components 
afford the opportunity for rivalry with the independents that could 

fail to meet the test of open competition. How often and to what extent 
the carrier-affiliated organizations have seized their special opportu- 
nities may prove to be largely undetectable. A part of their special 
market position is derived from and depends upon the monopoly position 
of the associated carrier and it tends to increase concentration and to 
narrow choice. Thirdly, carrier entry into cable television represents 
a private corporate decision to extend its monopoly position into a 

new field with little or no open discussion and resolution of the 
relevant public interest issues. Although careful scrutiny of that 
problem by the appropriate regulatory authorities might lead them to 
decide in favour of the action taken by the company, that possible 
agreement is insufficient defence for the continuation of a procedure 
that cannot always be relied upon to safeguard the public interest. 
Fourthly, the forward integration by CN-CP into the computer services 
industry poses an even more serious problem of extending monopoly power. 
The computer services industry must have equal and reasonable access to 
wholly satisfactory communications. Assurance of that necessary require- 
ment being met is significantly weakened by one of two carriers being 
allowed to become a computer services rival. The assurance would likely 
be lost if both carriers were allowed to enter that field. 

1.10. Each of the two cross-country systems, TCTS and CN-CP, provides 

a variety of special services such as distance dial teletypewriter 


connections between subscribers of one or other of the systems, TWX and 


Telex (no interconnection between them), a variety of channel widths 

for specific transmission purposes, and mobile radio-telephone connec- 
tions. The basis of charges and the rates themselves have usually been 
established by negotiation and in some instances by unilateral action 

by a carrier. They have not been subject to direct regulation. In view 
of the limited choice open to users and of the quite poor substitutability 
of other communication means, there is a prima facie presumption that 
these rates more often than not tend toward value-of-service limits 
rather than being cost-related. It would therefore be unsound 
regulatory practice to accept the existing rates as valid criteria at 
such time as more comprehensive regulation of these rates takes place. 


A rigorous examination might uphold some charges and strike down others. 


Related and Separate Industries 


1.11. The Canadian computer services industry has experienced remark- 
able growth in recent years and has shown considerable capability of an 
innovative kind. The expertise of data processing firms in writing and 
adapting useful programmes contributes significantly to the opportunity 
for Canadian industry to make use of computer capacity in striving to 
become more efficient. Low-cost and technically suitable communications 
links are necessary in order to have the many individual customers of 
computer services companies realize the economic advantages of large- 
scale computer installations. The relatively large number of firms and 
the considerable variety of services offered strongly recommend their 


continuance as an unregulated industry. Except for batch processing 


Se 
of data physically delivered to a computer centre, the major services 
--remote batch processing, real-time use, interactive time sharing with 
remote terminal connections, canned and contract programming, and 
systems management--all require highly adaptive, divisible and economical 
communication connections. 

1.12. Cable television is a high growth industry in Canada. The 
Canadian Radio-Television Commission is the regulatory agency. It 
selects from applicants which parties are granted an exclusive licence 
to operate a cable television distribution network throughout a clearly 
defined territory, often part of a large city or metropolitan area. 
Since an assigned territory is exclusive to a single firm, each cable 
television company has a clear monopoly grant from public authorities, 
subject to the conditions imposed by the Canadian Radio-Television 
Commission. Once a preliminary stage of market development has been 
passed, the circumstances of a cable television operation are those of 

a classic monopoly and thus seem to call for regulation of rates and 
overall rate of return, as well as standards of service. There would 

be an advantage in having an experienced agency or commission carry out 
such regulation. There would be an important disadvantage in subjecting 
the firms to continuing regulation by separate authorities. It would 
seem on balance to be the better choice for cable television regulation 
to remain with the Canadian Radio-Television Commission. Proposed rates 
by new applicants are already one aspect of an original application 
examined by the Commission. It may be considered a question of emphasis 


that there be a more searching review of rates and earnings performance. 


Problems of Conflict of Interest 


1.13. There is already some present and a good deal more prospective 
rivalry with computer services firms from computer hardware manufacturers, 
communications carriers and a number of otherwise unrelated organizations, 
such as banks, insurance companies and universities, which have their own 
inside computer installations, often with excess capacity relative to 
their internal requirements. The possibility of predatory pricing, 
whether by intent or only by effect, is great. If services are shortly 
brought within the ambit of the Combines Investigation Act, a far more 
persistent and continuing enforcement than heretofore would be a 
necessary, though perhaps not sufficient, condition to assure prevention 
of any predatory pricing. The continual monitoring of the relevant 
prices and their impact will prove most difficult. If services remain 
outside the effective reach of anti-combines legislation, an alternative 
means of preventing the destruction of otherwise viable Canadian computer 
services firms must be sought, assuming that there is a public goal of 
promoting, or at least not hindering, the development of data processing 
within Canada. It can be argued that such development must proceed for 
two reasons: 
(a) Matters of Canadian security, both national and 

individual, require that certain data can neither 

be stored nor processed outside the country to 

guarantee that Canadian law can be made to apply 

where desired by Canadian authorities. 


(b) Undue risk is assumed by placing too much reliance 


LO: 

upon foreign expertise in data processing for 

achieving more economical results in Canadian 

industry through applications of computer 

technology. Canadian productivity gains 

would depend too much on foreign decisions. 
1.14. Both main-frame computer manufacturers and telecommunications 
(or local communications) carriers, if they also provide outside, 
commercial data processing services, are able to place their rivals who 
are at the same time also their customers, that is, independent data 
processing firms, in a serious and potentially damaging price squeeze 
by simply charging "too much" for their equipment or services to their 
data processing rivals and "too little'' to the users of their own 
computer services. It is easier to cope with this problem regarding 
regulated carriers than in the case of unregulated computer manufacturers. 
The latter situation seems to require some kind of anti-combines approach, 
more immediately effective than has been evident in the past--at least 
as swift and sure as an effective injunction or order for specific 
performance at the very outset of hearing an initial complaint. There 
would of course need to be a penalty provision to deter, indeed minimize, 
unfounded "nuisance" complaints. 
1.15. The public interest is likely served more effectively by varying 
the extent of regulatory intervention according to the circumstances in 
individual industries than by a rigid adherence to the dichotomy of all 
regulation or no regulation. For example, regulation to safeguard the 
public interest in an efficient and dynamic Canadian telecommunications 


industry could run from rather complete surveillance of common carrier 


Ls 
activities to little more than general legislative declaration of a 
national interest in related industries and in their interconnections 
with mainline communications companies. Remote access data processing 
is an important ingredient in the communications mix of a growing 
number of businesses. It is important that the computer services firms 
that provide the data processing are assured protection against conflict- 
of-interest market conditions. These arise to some degree whenever a 
supplier is also engaged in the same business as his customers. In the 
case of a common carrier, such as the CN-CP ownership interest in 
Computer Sciences Canada Limited, there is the further undesirable 
effect of an extension of market power derived from the protected 
carrier industry into another field which itself seems to call for 
little or no regulation. The public interest is here reliably safe- 
guarded by confining the activities of regulated carriers to straight 
transmission and thereby reducing the need for wider regulation. In 
the case of computer manufacturers engaging in data processing, there 
would seem to be slight prospect of intervening in a similar fashion. 
However, some protection of the rights and service priorities of their 
unaffiliated customers, who also face the manufacturers as service 
rivals, can be obtained by a strict requirement that the manufacturers 
incorporate separate subsidiaries to handle all computer services and 
give separate detailed financial reports. Although such subsidiaries 
cannot be expected to be thoroughly independent, their establishment is 
at least a step in the right direction. 
1.16. A grant of access to public rights-of-way is necessary for local 


distribution of electricity, telephone connections and cable television. 


12% 
It is clearly uneconomic to duplicate routing or facilities, such as 
poles, that can be used in common by more than one organization. An 
exclusive right of access, denying entry to others, would create an 
unnecessary barrier to greater utilization of whatever facilities are 
required for any use. Public regulation of cost sharing is essential 
to ensure that priority of use of a public right-of-way does not become 
the basis of exacting a monopoly tariff. Some communicatons carriers 
now have a direct or indirect interest in the operation of cable tele- 
vision networks. The present state of technical and market developments 
provides no overriding argument for excluding independent cable television 
operators, when they are available. This conclusion could be subject to 
change at some time in the future depending on the direction of 
subsequent technical developments. In the meantime, the initiative of 
independent operators has led to an earlier introduction of cable 
television than was offered initially by the common carriers, whose 
primary concern is basic telephone service. The rapid growth of cable 
television, and future prospects for more general purpose cable systems, 
make it essential that current policy maintain a number of avenues for 
future applications of cable television. As noted elsewhere, there is 
now an overriding argument for proper regulation of rates and standards 
of service in both communications and cable television, since there is 
clearly a monopoly franchise in each case. A clear declaration of the 
public interest in maintaining opportunities for innovation in Canadian 
telecommunications is necessary to dispel any notion that existing 
corporate arrangements should somehow be allowed to continue in perpetuity. 


Future development and changes as they appear desirable would then 


| 

poe ovina alee be the outcome of a combination of private initiatives and 
public policy decisions. 
1.17. The supply of main-frame computers comes from a small number of 
foreign manufacturers, one of which occupies a dominant position. 
There are more sources of supply of peripheral computer equipment, 
suggesting somewhat more competitive circumstances facing buyers. 
1.18. Recognizing the difficulty in dividing manufacturing more finely 
than published data of the Dominion Bureau of Statistics, a reasonably 
careful estimate of the degree of concentration and the concomitant 
extent of buyer choice would rank different sectors in this approximate 
order of decreasing concentration and increasing buyer choice: 

Main-frame computers 

Electric wire and cable 

Auxiliary computer equipment 

Electronic components and devices 

Modifying attachments. 


Going beyond manufacturing would mean adding telecommunications at the 


top of the list and computer services at the bottom. 


Market Potential 


1.19. A May 1969 survey by the Dominion Bureau of Statistics of house- 
hold facilities and equipment has provided estimates of the household 
distribution of television sets and telephones, as well as many other 
items. 


Number of households 5,214,000 


Households with one or more 
TV sets D295. 000 


Households with one or more 
telephones > Lid. 000 


Households with TV and 
telephone service 5, 035,000 


14. 
It can be estimated from these figures that there are 5,435,000 house- 
holds with either television or telephone service or both. These 
communications systems afford very high coverage within Canada. The 
establishment of a flexible, general purpose, two-way system based 
mainly on telephone networks would require considerable additional 
capital outlays to upgrade local distribution networks and for further 
household equipment installations. A similar system based mainly on 
television would also require substantial capital outlays for both out- 
side and inside modifications. Although it seems probable that the 
mixture of ''system' expenditures and "household" expenditure would 
differ in each case, it would be much more difficult to estimate which 
is the more economical choice. Technological advantages of one means 
over the other could of course compel the development of the higher 
cost system, if the technical advantages were judged by appropriate 


regulatory or political authorities to be worth the greater cost. 
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THE NATURE OF THE PUBLIC INTEREST IN TELECOMMUNICATIONS 


2.1. An industry as pervasive as communications gives rise to no 

single and clearly identifiable public interest but rather to a complex 
set of different and contending interests. Among these, the interests 

of consumers or final users are often presented with little force or 
conviction because of a dearth of informed and articulate spokesmen. 

More specific interests in one aspect or another of an industry are 
frequently presented with great effect by experts. It is the essence 

of "public spirited" regulatory processes that the delicate balance of 
opposing forces be maintained, giving a subtle bias in favour of consumer 
interests that recognizes either their more weakly made arguments or 

the deficiencies of the market place as a supplementary self-regulating 
mechanism. Whereas significant market imperfections may delineate 

rather clearly the boundaries of industry sectors to be regulated, so 
relative silence on behalf of final users may reveal rather sharply 

those areas calling for a subtle "extra'' concern on the part of regulators. 
It is in that context that the public interest in various aspects of 


telecommunications is considered. 


Standards of Service 


2.2. Communications facilities ought to be available in sufficient 
quantity to meet reasonably predictable demands and thereby to avoid 
any significant queueing problems. A balance must be struck between 


user preference for no waiting whatever and the carriers' interest in 
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avoiding the ill will which waiting might cause and the higher costs of 
having the capability to handle all peak traffic and hence of operating 
much of the time with considerable idle capacity. It is far from clear 
whether customers would be willing to pay much higher rates to avoid 
short delays in service. 
2.3. There seems to be little evidence of shortages of Canadian 
communications facilities of the order of magnitude now experienced in 
a number of congested areas in the United States. However, given the 
substantial magnitude of single capital installations in the communica- 
tions field, it is more difficult to assess the degree of temporarily 
unnecessary idle capacity. That is, it is difficult to determine whether 
users would prefer a lower rate-longer wait combination than they now 
face. In any event, new investment decisions have been private decisions 
by the carrier organizations themselves, presumably on the basis of 
their own interests and priorities. Such capital decisions are not now 
made within a framework that requires advance ratification by appropriate 
public authorities. In those circumstances a carrier could see a 
positive advantage to itself in expanding capacity far ahead of market 
demand in order to stake a claim to new or growing markets. That could 
of course create idle capacity in the economy and thus impose higher 
costs. Without necessarily implying undue excess capacity, it must be 
noted that the decision by CN-CP Telecommunications to build a second 
Canadian microwave network was a corporate decision made in the absence 
of appropriate regulatory surveillance. Given their duopoly environment, 
it is reasonable to expect corporate decisions to forego stake-out 


investments only if there is a regulatory programme for approval or 
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rejection of company-initiated capital projects and for reasonable 
assignment of market areas. There would then be more assurance of 
efficient use of capital. 

2.4. Within the possibility of an overall adequacy in the amount of 
facilities available, there is a subsidiary question but one of great 
importance to many users. That concerns the minimum amount of service 
that a carrier requires a customer to take. Time-sharing and channel- 
sharing might conform much more closely to a customer's needs than 
twenty-four hour service and full channel width allocation. Setting 
aside for later treatment cost and pricing matters, the provision of 
more service than is demanded by customers does represent a wasteful 
resource allocation for the economy--a source of Canadian inefficiency 
in an industry that affects the costs of operation of all industries. 
In the absence of the quite extensive and extended survey that would 

be needed to determine the extent of the supply-demand discrepancy, it 
is nevertheless possible to state that a number of users are provided 
with more time and/or channel width than suits their requirements. 
Telpak is a private leased line service offered by telephone companies 
that illustrates the issue of divisibility of services. Although its 
sixty-four line, twenty-four hour package is a good accommodation of 
some customers' requirements, several subdivisions of a similar service 
would adapt the system more closely to the needs of many more customers. 
Another example of service divisibility is the need of low income house- 
holds to have a minimum telephone service at low cost--basically a 
system connection for emergency use. Whether that is handled as a 


special welfare provision or not, there seems to be a strong case for 
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an optional service at low monthly cost and allowing few calls without 
extra charge. It is of course essential to return to this question 
under the heading of costs and prices. 

2.5. The existence of two communications carriers in Canada raises 
special problems characteristic of duopoly, problems that are more 
rather than less complex than the pure monopoly issues. The two systems 
are dissimilar in certain services they offer and so similar in other 
cases that their offerings can be regarded as reasonable alternatives 
for a good many customers. The argument for letting market forces be 
the regulating mechanism in such cases is by no means convincing. In 
spite of some common market areas, the two carrier systems are not 
operating mainly in matching franchise areas but in separate markets. 

In their common market areas an intelligent assessment by them of their 
market interdependence is most likely sufficient to have them establish 
and hold to rate levels that are all too like those that would be chosen 
by an unregulated monopoly. A regulating commission has the task of 
setting prices that are closer to unit costs. Because the growth of two 
firms instead of one tends to exert more cost-increasing influence, the 
commission's task is more difficult but not less urgent than in their 
separate market situations. 

2.6. As the overall capacity of the two-system Canadian network becomes 
nearly fully utilized, it is improbable that private decisions will 
result in the necessarily large capital addition being made to only one 
of the two systems. That would mean the other company would be deciding 
to forego its share of the expanding demand for communications services. 


To the extent that a greater measure of national security is achieved 
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by having different operators rather than simply a single operator with 
two physically separated systems, the higher level of excess capacity 
is properly considered a defence cost. It is not easy to see how 
different operators contribute to national security or indeed to ordinary 
system reliability. These objectives seem to be met by the creation of 
physically separate routes and by the use of different modes of transmis- 
sion--pole line, buried cable, microwave, satellite, etc. The issue 
would appear not to touch upon the choice of one or more operators. 
2.7. The quality of transmission services provided by the communications 
carriers ought to match rather closely the various requirements of 
their customers. Traditional telegraph and telephone facilities seem 
to pose no serious problems in that regard. Telephone transmission 
terminals are typically on the premises of customers, while telegraph 
terminals are not. That has meant persisting annoyance and some 
inconvenience to telephone users because of restrictions, indeed in 
many cases prohibitions, on the use of so-called foreign attachments-- 
terminal devices not supplied by the companies. It can be argued that 
a user of switched transmission services offered by a communications 
carrier is in fact obtaining inferior or unsatisfactory service if that 
carrier forces him to forego the use of the most suitable terminal 
equipment available, so long as it is at the same time technically 
compatible. That quality issue--the required use of somewhat unsatis- 
factory attachments having the effect of downgrading the quality of the 
entire message-sending process--now appears to be gradually resolving 
itself by some relaxation of carrier restrictions, a change in the 


desired direction of equipment use being determined by technical 
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compatibility and user choice. 
2.8.) There is also a strongepublic interest in achieving thesmost 
efficient use of transmission facilities. Recently developed terminal 
equipment, such as multiplexing units, makes possible both more 
economical and more flexible use of communications circuits than can 
be provided by a terminal combination of telephone set and audio coupler. 
The substantial cost savings are a persuasive economic argument to 
implement the necessary regulatory directives which might involve 
circuit upgrading and presumably downward rate revision. Acceptance of 
carrier-imposed prohibitions against the use of the most effective 
attachments is unsound public policy. Regulatory authorities must 
assure technical compatibility as the condition for customer use. 
Whatever revenue-protecting elements are present in any policy of 
restricting so-called foreign attachments fail to constitute a valid 
defence for the restrictive policy. Regulatory authorities must not 
allow inefficient resource use as a means of enhancing carrier revenue. 
2.9. Private leased channels for data or voice-data transmission are 
offered by both the "telegraph" system and by the "telephone" network. 
Customer problems concerning the attachment of the most appropriate 
linking, switching and terminal equipment are of greater importance 
because their more sophisticated transmission requirements are seriously 
affected by the use of more suitable or less suitable ancillary devices. 
It is less clear that carrier relaxation of anti-foreign attachment 
rules is proceeding quickly enough to be considered progressive enough 
for the data services industry and indirectly for the customers of data 


processing firms. 
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2.10. In summary, the public interest in Canadian telecommunications 


is to maintain: 


(a) 


(b) 


(c) 


(d) 


(e) 


(f) 


(g) 


(h) 


(i) 


(i) 


(k) 


Its most efficient use--maximum use for minimum 
investment. 

Adequate and progressive development of supplier 
service industries--wire and cable, etc. 
National defence requirements. 

National scientific and industrial prestige. 
National unity through more effective social and 
cultural exchange across the country. 
International competitiveness by increasing 
productivity through more efficient communications. 
Sufficient idle capacity to avoid serious queueing 
at times of peak traffic. 

Overall system usage at a level high enough to 
assure that unit costs remain relatively close 
to the attainable minimum. 

Standards of quality satisfactory with respect 
to important customer needs. 

A pace of modernizing and upgrading that will 
inhibit as little as possible, giving some 
consideration to costs, the growth in Canada 

of the most progressive applications of voice, 
picture and data processing and transmission. 
The organizational structure in a form that 


advances technology, especially by responding 
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with little delay to changing needs. That 
means a responsiveness to all customer 
demands, including such features as satellites 
and satellite ground stations for both 


national purposes and international use. 


Equal and Reasonable Access 


2.11. The vast geographic extent of the country and the attendant 
dispersion of population make telecommunications an especially vital 
factor both in economic affairs and day-to-day individual contacts in 
Canada. It is important to the prosperity and development of the 
country that as few Canadians as possible are disadvantaged by outmoded 
and inefficient communications. It is important that equitable access 
to adequate facilities be as widespread as is consistent with acceptable 
levels of cost. The likelihood of differences of opinion is apparent. 
The amount and quality of communications services and the pace of 
adapting to changing user requirements are questions for regulatory 
decisions. Market power is too unevenly distributed between carriers 
and customers to permit the unhindered play of market forces. 

2.12. If some aspects of establishing general and appropriate access 

to telecommunications services seem clearly to involve significant 
cross-subsidization--users of certain classes of service or geographic 
groups of customers paying more than justified by costs in order that 
others may pay less--that method of exercising what is actually a taxing 


power should undergo a searching examination. It could well be that a 


a 


preferred policy would impose a more explicit and direct subsidy on 
specific classes of service or to particular groups of customers or, 
possibly, a subsidy to carriers in conjunction with and conditional 

upon the establishment of appropriate rates. That would of course 
transfer the burden of subsidizing from those who happen to be ''subsidiz- 
ing" customers to Canadians as taxpayers to one or another level of 
government. Any determination that cross-subsidization by one means or 
another is desirable ought to be made explicitly by regulatory author- 
ities and not by the carrier companies themselves. It is doubtful that 
the firms have actually wanted to be in the position of having to make 
decisions concerning what are in effect transfer payments from one 
customer to another. The regulatory decisions would best be made within 
a framework of legislative guide lines or principles regarding cross- 
subsidization. 

2.13. Allowing some weight to cost considerations, there seem to be 
none the less a number of cases of cross-subsidization between both 
classes of service and groups of customers. The relatively more 
burdened users face a restriction of their use of communications that 
represents a misallocation of the economy's resources, to the extent 
that their higher rates are not fully justified by higher costs of 
providing the services they are using AND want. These situations should 
be subject to regulatory scrutiny under legislative guide line or to 
specific legislative approval. It would represent a minimum requirement 
for carriers to have to demonstrate actual costs wherever there is 
apparently a case of cross-subsidization. 


2.14. There is also a vital concern that manufacturers and suppliers 
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of all kinds of communications equipment and wire and cable have open 
market access to carriers and their users. In other words, competition 
on price and quality can improve the efficiency and the continuing 
adaptability of Canadian telecommunications services. If the markets 
are open and neither foreclosed nor seriously impaired by intercorporate 
relationships or contractual arrangements, there are greater prospects 
of improvements being more quickly introduced into network operations 
because of a wider variety of sources of new ideas. As well as the 
increased probability of more rapid innovation, more effective competi- 
tion tends to exert downward pressure on the supply prices. 

2.15. For example, the Hong Kong Telephone Co. Ltd., a private share- 
holder company that operates a system experiencing an annual growth rate 
of twenty per cent, uses a world-wide tender system in its acquisition 
of new equipment. Its most recent 60,000-line electronic exchange was 
made in West Germany; its telephone sets are made in Portugal. Inter- 
national tender is also used by Singapore Telephone, a Crown corporation, 
in obtaining equipment and cable. That other factors than price are 
given some weight is seen in the recent decision to have switching 
equipment produced in Singapore by a joint venture of Swedish L.M. 
Ericsson and Singapore businessmen. A somewhat different approach is 
seen in the policy of the British publicly operated system. The main 
purchasing is from major English manufacturers, a minor part from 
smaller English firms and about ten per cent from world markets. 

2.16. If arguments in favour of maintaining the vertical integration 
that now involves the two largest telephone companies are to be accepted, 


there remains the separate question, arising from that vertical integration 
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(Bell-Northern Electric and B.C. Telephone-Automatic Electric-Lenkurt) , 
of the extent to which substantial portions of the Canadian communica- 
tions equipment and wire and cable markets are denied to independent 
Canadian manufacturers. With few exceptions, Northern Electric is a 
major supplier of many equipment and wire and cable requirements of 
parent Bell Canada and associated telephone companies. An important 
exception is the Lancaster, New Brunswick, plant of Canada Wire and 
Cable Co., Limited, which makes substantial sales to New Brunswick 
Telephone Company and Maritime Telegraph and Telephone Company. However, 
since the general situation regarding the two major vertically integrated 
corporate telephone systems is one of limited access by independent 
suppliers, the United Kingdom policy may afford a next best procedure 

to promote the development of Canadian telecommunications manufacturing 
by several firms to assure some meaningful choice of equipment. At the 
outset it should prove relatively easy for the integrated systems to 

use some independent Canadian sources of supply, where competitive, 

for more standardized items. Subsequently there could develop a real- 
istic opportunity for independent manufacturers to participate in 

custom supplying on contract. The appraisal of the value to the 
Canadian economy of such changes would of course be a regulatory 
responsibility. 

2.17. The possible administrative ease afforded to carriers by obtaining 
supplies from related companies is offset by the possibility of a 
carrier imposing on its related supplier higher manufacturing costs 

(last minute design changes, etc.) and of imposing on the regulatory 


authorities a far more complex task. Avoidance of the complications 
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with regard to "allowable" costs by any regulatory decisions not to 
examine the less-than-arm's length transactions tends to defeat the 
basic purpose of assuring that the public interest in efficiency and 
correspondingly low rates is being guarded. The possible developmental 
advantages derived from vertical integration could be otherwise 
achieved and do not in any case appear to be overwhelming. The direct 
Bell-Northern Electric shareholding and market relationship may tend to 
afford slightly more advantageous developmental opportunities than are 
found in the case of British Columbia Telephone. In contrast with its 
direct supply relationship with Automatic Electric and Lenkurt, the 
ownership connection is that they are all controlled by the same company, 
General Telephone and Electronics Corporation. 

2.18. Two further examples of corporate integration may be recalled-- 
CN-CP Telecommunications in the computer services industry and telephone 
companies controlling the physical networks of cable television companies. 
The latter case could result in independent manufacturers being denied 
access to that part of the cable market which could be open to them if 
cable television companies controlled the cable installations. Short 
of a thorough study of the integrated relationships, which might or 
might not reveal that there are pressing policy problems because of 
the outcome of those relations, a warning must be given on at least 
three counts: 
(a) Costs may be higher than would otherwise result 
because of the performance in the unregulated 
but associated companies. 


(b) The partially or principally closed markets may 
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be imposing too serious a growth restraint on 

independent companies in the supply industries. 

It must be noted that the restriction is an 

extension of the market power of carriers that 

is inherent in their monopolistic position. 

(c) Wherever a vertically integrated company is 

both a supplier to and a competitive rival of 

another company, it has the opportunity to 

impose a damaging price squeeze on its rival. 

The history of restrictive trade practices 

gives enough examples of its occurrence to 

show that it is often a problem. 
2.19. Since service standards, customer access to communications net- 
works and supplier access to communications markets are inextricably 
tied in with pricing practices, further examination of these matters 


will be given under the topic of pricing. 


Non-Discriminatory Poiciveg 


2.20. An unregulated profit-maximizing firm will set its prices to 
different customers (whom it can keep separated) and its prices for 
different kinds of services according to the different demands. That 
is, it will obtain the greatest total profit possible for any given 
level of sales by charging across the board the value of service. No 
user will of course pay more than the value to him of a particular 


service. Value of service is the upper limit of attainable prices--it 
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is the value according to the potential buyer--regardless of the degree 
of monopoly power. No buyer will pay more and no buyer will pay that 
much if he knows of a cheaper alternative supply open to him. That is, 
some degree of monopoly power and separated groups of customers are 
necessary to be able to discriminate. For discrimination to bring gain 
to the monopoly, there must be different demand responses on the part 
of various customers or groups. Because it is not possible (or at least 
too costly) to isolate each individual customer, monopoly pricing limits 
are a set of most profitable price and output combinations in the 
different markets. They establish the highest prices that are attain- 
able, given the particular market demands and the objective of maximum 
profit. That is the value-of-service upper end of the pricing spectrum. 
2.21. Private firms that operate in competitive markets are restrained 
from realizing those highest possible prices to the extent that competi- 
tion is effective. Private firms in regulated industries are restrained 
from realizing those highest possible prices to the extent that the 
regulators are effective and are not permitting price discrimination 
for other purposes. Rate differences or similarities that do not 
correspond to cost differences or similarities result in discrimination 
and in some sense are "unfair". The realization of prices more related 
to value of service than to costs requires a significant lack of 
competitive forces, ineffective regulation or approval by regulating 
authorities and significant differences in demand. If other purposes, 
except authorized cross-subsidization, are to be served by price discrim- 
ination, that should rest upon legislative edict. Measured against the 


competitive norm, discriminatory prices are unfair and call for explicit 
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legislative approval and an effective appeal mechanism by which aggrieved 
parties may seek redress. 

2.22. The long-term lower limit to a specific rate is the long-term 
marginal cost of that service, if it is at least as high as the average 
cost. Aside from the difficulty of measuring individual costs because 
of the necessarily judgmental apportionment of common costs, another 
problem is faced wherever there are decreasing costs. Marginal-cost 
pricing of such a service would not recover its average cost and hence 
would mean in some cases that offerings of that service at such a price 
(equal to marginal cost) would not be a viable proposition. The cases 
that would be viable are those where the lower limit price is above 
average variable cost, although less than total cost per unit, and 
thereby makes some contribution toward covering fixed costs. If that 
service would not be taken by customers at higher prices and the over- 


all facilities of the carrier would hence be less fully utilized and 


rates for other customers or Kinds of services are not increased (or 
plevented sxunOMmececlinine masta result, Chererrectror asless than-fully 


compensatory price could be to afford an overall benefit (more services 
available) and to impose no hardship on other users or classes of service. 
That line of reasoning may be tenable in the short run. It will not 
stand up, however, if the rates charged for all other services are 
yielding only the normal, allowed rate of return. A less-than-average- 
cost price on one or more services would mean that the overall system 
rate of return would then be below normal. In other words, in order to 
maintain the regulated rate of return, one or more specific rates would 


have to contain an element of value-of-service pricing to offset the 
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less-than-fully-compensatory price. 
2.23. Regardless of the purpose of any such low rates, they have 
predatory pricing effects on new entrants and on private systems. [In 
the long run the only acceptable pricing policy is a fully compensatory 
one. Lower rates are sustainable for perhaps a short time but clearly 
not sanethes long, run. 
2.24. Since there is a public interest in allowing no more than an 
adequate overall rate of return as well as in establishing a set of 
specific rates that pass the test of cost justification, a reasonable 
apportionment of common costs and a continuing and careful surveillance 
of individual rates are needed. Regulatory authorities must satisfy 
themselves, and indeed communications customers and the public, that 
costs are appropriately allocated and that specific rates are cost- 
related. In cases of rates below total cost per unit for the service 
involved, the regulators should require that there are not some offset- 
ting "too high"' rates elsewhere in the system, unless they are expressly 
approved by the regulators for good and sufficient reasons. In cases 
of rates tending toward the upper limit of value of service, the 
regulators should assure themselves that no individual rate is contrib- 
uting more than its share, in the judgment of the regulators, to the 
acceptable overall rate of return. The separation of costs that is 
necessary for effective regulation must be undertaken by the companies 
but must be most rigorously examined by the regulators. The protection 
of the public interest rests ultimately in the hands of the regulators, 
not the companies. 


2.25. On types of service or items of equipment which may be deemed 
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"optional", "not necessary", "luxury'', some would agree that their rates 
ought to be unregulated. That might lead to price levels approaching 
quite closely the attainable maximum--the value of the service or 
device to the customer. That would of course mean that the unregulated 
rates in those cases would be subsidizing the basic services and equip- 
ment. On the other hand, if a carrier were to decide to adopt a market 
penetrating policy of prices even below full costs but yet above 
variable costs, the impact on the finances of the system would be less 
clear. The optional service rate would be contributing something to 
company overhead but, from some points of view, less than its "proper" 
share. The considerable difficulty in experimenting with prices in an 
environment of regulation would seem to be some deterrent to market- 
penetration pricing and would seem to create a tendency to move in the 
direction of value of service, however imprecise that price may be. 
Sound policy will adhere to the principle of regulating the prices of 
all services, including luxury and new, on the basis of fully compensa- 
tory individual rates, except for an authorized exception. The carriers 
may initiate proposals for special rates but they must ultimately 
satisfy the regulating authorities to obtain approval. A distinction 
can be made on general welfare grounds between a high pink phone rate 
and a high rate for an isolated and remote subscriber with no reasonable 
alternative. Nevertheless, all rates should be regulated to prevent 
the monopoly power extending beyond the scope of regulation. 
2.26. The public interest in preventing a private company exerting 
whatever monopoly power it possesses to advantage itself and unduly 


disadvantage its customers argues that any decisions regarding the 
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relative discrimination between rates must be subject to the close 
scrutiny of the regulating authorities and to their approval or rejec- 
tion. It is by no means probable, although it may be possible, that 
regulators face a practically feasible task unless they have the power 
to regulate all the activities of a firm with substantial monopoly 
power. The mere preparation by a carrier to enter a new activity 
imposes cost increases on existing activities, most of which are presum- 
ably in the main regulated. Personnel must be hired for the new 
ventures or diverted from attending to current activities. It ought 

to be a matter of public policy to choose the pace of modernizing and 
expanding conventional services and also which new fields related to 
communications are to be entered--when and by whom. Complaints are 
made here, and there are striking examples in the United States in such 
places as New York City that the fundamental telecommunications networks 
on both sides of the border are displaying enough signs of inadequacy 
to support the case for confining the carriers solely to the communica- 
tions business. Their entire energies and resources of personnel, 
equipment and capital-raising ability could then focus on the mainten- 
ance and improvement of the basic systems. 

2.27. As more sophisticated uses of eemunicariens are an important 
factor in data transmission, there will be frequent issues concerning 
what new devices are essential upgradings of the network and what ones 
are "luxuries". For example electronic switching and touch-tone tele- 
phones could be regarded as luxuries for a straight voice message 
customer. With regard to data or voice-data transmission they would 


represent a minimum upgrading for some customers' requirements. 
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Conventional dialing and older switching techniques impose serious 
barriers to realizing the full capabilities of data services. In the 
public interest of having the Canadian economy keep pace with technical 
advances elsewhere, as one aspect of achieving competitiveness with 
other countries, innovations must not lag too long. For example, if a 
carrier were inclined to delay, as the result of a quite rational study 
of the et gain towitsell >the introduction of, say,~a cost=-reducing 
innovation, regulating authorities might have to require an earlier 
introduction and decide the new rate-cost structures to serve the 
developing needs of users and to protect the financial health of the 
carrier. Regardless of initiatives from the companies, the regulators 


must be capable of making an opposite determination in the public interest. 


Infrastructure and Productivity 


2.28. The infrastructure characteristics of telecommunications are 
sufficiently strong to raise public policy issues that have been often 
faced in Canada. Railroad building has had from time to time both 
public subsidizing and regulating on the grounds of national interest. 
The provision of electric power in Ontario by a public organization 
instead of a private shareholder company involved several points, at 
least two of which are worth mentioning. The extension of the power 
grid likely proceeded more quickly than would have been feasible for 
private firms. Lower priced electricity would likely have the useful 
attribute of promoting the economic growth of the province. Other 


examples could be cited. 
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2.29. That analogy is made not so much to propose direct public subsi- 
dizing of communications facilities as to suggest that wherever it is 
determined to be desired public policy to introduce a new service so 
also should it be a matter of public policy to finance whatever aspects 
would be neglected by the private carriers. If some compromise between 
conflicting interests, including discriminatory rates and cross-subsidi- 
zation, is called for, their resolution should be accomplished by regu- 
latory or political authorities, not by private firms. Most decisions 
thus far have come from private initiative. The extent of discrimina- 
tion involved is not clearly known because the separation of revenues 
and costs necessary to assess how many and how serious are the departures 
from non-discriminatory pricing, has not been made. A step in that 
direction has been made by the Canadian Transport Commission in its 
1969 Order requiring Bell Canada to separate its costs and revenues 
between regulated and unregulated services. The eventual submission 
of that cost and revenue separation will be of little assistance in the 
task of determining the extent of price discrimination for each service 
offered by that company. That is the information necessary for the 
Commission to establish reasons for permitting or denying discriminatory 
rates. It would be unreasonable to expect its members to decide upon 
matters they cannot presently know. It would be reasonable to expect 
them to obtain the information they need. The rights of other Canadians 
in non-Bell territory will not be directly protected without similar 
cost and revenue separations for their communications carriers. If the 
expense of making the separation seems high relative to some rough 


estimate of the unfairness of whatever discrimination there may be, an 
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application to other systems of what is discovered regarding Bell Canada 
might be a great improvement over no criteria. 

2.30. It is axiomatic that the costs of communications services should 
be held at the lowest levels possible because communications have such 

a pervasive impact throughout the economy. As there has often been 
more public concern about steel prices, steel being an intermediate 
good, than about automobile prices, some would express more concern 
about the rates for communications services used by business than for 
the residential telephone. The viewpoint concerns economic efficiency. 
The viewpoint of keeping public consent might lead to an opposite 
conclusion. A number of the most recent and most advanced uses of 
telecommunications has been a vital link in data processing--a link 

of crucial importance to permit the most effective use of computers. 
These rates have in the main been negotiated and seem clearly to have 
been strongly influenced by the discriminatory value-of-service principle. 
2.31. If carriers do face decreasing unit costs in the ranges of output 
where they are likely to continue to operate, there will in general 

have to be recognition given to setting prices, approved after inten- 
sive examination by the regulators, high enough to achieve full cost 
recovery for the system. 

2.32. In order to provide generally uninterrupted service and to limit 
waiting time for service, standby facilities and excess or idle capacity 
are required. It is a matter of judgment as to how much extra capacity, 
and the necessary costs associated with that, is sufficient. The 
carrier companies can best decide what facilities are needed for any 


given level of reliability and quick access. Because there are different 
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levels of cost related to different standards of service, the regulating 
authorities must play an active part in choosing the standards to be 
maintained. Dissatisfied users will seek out the carriers for redress. 
It is therefore essential that a simple and inexpensive complaint route 
be open. There is a distinction, which must be brought home to the 
users of communications services, between failure on the part of the 
carriers to meet the established standards and failure on the part of 
the regulators to set adequate standards. Communications customers 
could also benefit from a simple complaint system regarding the standards 
set by regulation--simpler than the usual rate hearing. The level of 
service satisfactory at one time is unlikely to remain satisfactory in 
the face of rapidly changing needs. 

2.33. Improvements may often be sought by the carriers themselves and 
the assessment of their suitability must be swiftly made by the regula- 
tors. If, on the other hand, user complaints are indicating fairly 
clearly that the carriers are laggard, those complaints should energize 
the regulators into a compelling conference with the carriers. 

2.34. The capacity requirements to handle peak traffic call for efforts 
also to be made to reduce the peaks. Differential pricing can lead to 
some shifting of traffic, although hours of business influence the timing 
of much of the voice and a good deal of the data transmission. Whatever 
price differentials are selected that might smooth out some peaking 
should be introduced so as to shift revenues earned by the carriers for 
different services rather than to affect their total revenue. 

2.35. It must be acknowledged that high and low traffic periods will 


persist and will require a trade-off between the higher costs of 
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maintaining sufficient capacity, idle a good deal of the time, to assure 
as immediate service at peak periods as at other times and an acceptable, 
in view of lower costs, waiting time during peak traffic. The regulating 
authorities ought to play an active part in decisions regarding "adequate" 
facilities if only to ensure that users are not obliged to pay signifi- 
cantly more than they would prefer for a somewhat inferior service 
because the carriers prefer a standard of service that their customers 
consider too high--that is, not worth the price. 

2.36. The swiftness of introducing new techniques and new services or 
networks affects costs. Some changes may be cost-reducing; some will 
be cost-increasing. Care must be exercised so as to distinguish 
between new techniques or networks to handle existing services and new 
services, whether handled by existing equipment and networks or by new 
systems. 

2.37. In the case of a cost-reducing change in the handling of an 
existing service in a part of the company's entire system, there is 
the question of assigning the benefit to that set of customers or to 
all customers of the same service. As a matter of incentive, the 
regulating authorities could determine how long the company ought to 
be allowed to enjoy extra revenue by reason of not reducing rates. 
That would, however, frustrate the basic objective of setting the over- 
all rate*or Teturn. «A -hieher rate’ of return ought not ‘to’ be permitted 
as a matter of policy, even on a temporary basis. Although users and 
suppliers are by no means without knowledge of and competence in the 
rapidly advancing technology of communications, much of the task of 


maintaining up-to-date telecommunications will remain with the carriers. 
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Their recognition of the fact that, aside from errors, their regulated 
environment commits them to a more secure but limited rate of return 
might make them reluctant to introduce innovations. They might react 
to too little incentive with too much inertia. .» Lt.is) essential) that 
the regulating authorities are prepared to intervene for at least two 
reasons. First, a carrier company might otherwise fail to pass on 
realized cost reductions to its customers or to the proper group of 
customers. Secondly, a carrier might need to be directed to introduce 
significant technical improvements. The regulating authorities would 
order the company to undertake the investment required for the desired 
changes and would at the same time establish specific rates that would 
assure the approved rate of return. An element in regulatory decisions 
must be an appraisal of market demand. Disquiet on the part of a 
number of customers with highly specialized service requirements 
suggests that innovating has not always kept pace with technological 
possibilities or with changing demands for services. 

2.38. It is improbable that the management of a common carrier can 
devote the necessary time and energy and bring to bear the requisite 
expertise in order to upgrade facilities at a rate satisfactory to a 
few customers, whenever that particular service is a quite small part 
of its overall business. It would be inappropriate to induce more 
attention to such problems by permitting high rates, tending toward 
the value-of-service ceiling, because of a decision not to regulate. 
It is too likely that such a policy would lead to an impairment of 
other sectors of the Canadian economy through the imposition of unduly 


high costs of communication. 
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2.39. If higher costs result from the introduction of new services or 
significant changes in existing services, there is again a similar 
problem of answering the question of who is to pay--particular customers 
or users of the affected service or customers in general. The guardians 
of the public interest, the regulators, must be ultimately the deciding 


influence. 


Tnnovation 


2.40. Efficiency and innovation are strongly interrelated in circum- 
stances that include important elements of rapidly changing technology. 
Telecommunications carriers themselves and certain of their customers, 
such as data processing firms, are clearly functioning in such circum- 
stances. When new equipment or circuit facilities that will lower 
operating costs become available, carriers face the problem of when to 
introduce the innovation as replacement for less efficient facilities 
noweini place. Ttws Less difficult to adopt the innovation for net 
additions to the company's capital in place. Financial incentive, 
customer dissatisfaction and regulatory insistence may each influence 
the rate and kind of innovation. 

2.41. Differing time horizons of carriers, users and regulators will 
often bring them to different conclusions regarding the optimum rate 
of displacing obsolete or obsolescent facilities. The differences in 
judgment are likely to be especially wide in cases where the less 
efficient equipment in use has required a substantial capital outlay 


and its operational life, apart from technological displacement, is 
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considerable. The notion of sunk costs is not everywhere popular. An 
argument by a carrier to defer the introduction of a specific innovation 
on the grounds that it seems to have immediate application to the needs 
of only a small number of the users of telecommunications is an argument 
for considering the costs and benefits of establishing a separate net- 
work for such specific purposes. It is the responsibility of the 
regulating authorities, if the public interest in the maintenance of 
an up-to-date system in Canada is to be safeguarded, to so examine the 
Scie: 

2.42. Should it be their judgment that the costs of a separate network 
for specific rather than general use would be too high in terms of the 
estimated benefits, the corollary of that decision is that the regulators 
direct the carrier to innovate and to price the service on a cost- 
related basis. 

2.43. There are a great many changes in and additions to the Canadian 
telecommunications networks that will mean new installations of presum- 
ably more advanced technique alongside older and less capable circuits 
as well as higher capacity installations sometimes eliminating out-of- 
date facilities and yet increasing the overall capacity of the system. 
That combination of adding and replacing channels will take place on 
the routes already nearest capacity use and those where traffic is 
growing most rapidly. That will not necessarily lead to discarding 
earliest the most obsolete equipment. It is also not necessarily the 
preferred policy in all circumstances that the discard and upgrade 
priority should be the "worst" sfacilitiessout first, 


2.44. For example, some important data transmission requirements are 
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nationwide--important to the data processing companies and important 

to Canada. That calls for a national, switched, high quality, high 
speed, low cost voice-data transmission system designed to be well 
suited to such needs. That will give greater assurance that Canadian 
business will not be forced to lag in realizing as far as possible 
current computer capabilities in increasing business efficiency. It 
will also link together more effectively various areas of the country. 
If regulatory intervention is a prerequisite to the establishment and 
continuing operation of a network more closely adapted to data trans- 
mission earlier than it would occur by carrier decision, then the 
intervention must be made in the public interest. 

2.45. It may be noted that the undertaking of innovative risk by a 
regulated carrier can be distinguished from the risk-taking of an 
unregulated firm because of the allowed rate of return under regulation. 
The distinction is sharper with respect to an innovation designed to 
meet specific customer requirements because of greater reliability in 
estimating future use. If the regulating authorities have allowed, or 
in some instances required, the innovation as a reasonable capital out- 
lay in response to user representations, there is a high probability 
that the carrier will realize the allowed rate of return. That greater 
assurance of the financial success of an innovation reduces the impor- 
tance of special incentives as an inducement to innovate. 

2.46. The public interest in promoting Canadian expertise in telecommu- 
nications presents some difficulty. Although it is clear that such 
promotion must involve Canadian personnel, that can be accomplished by 


awarding supply contracts to Canadian owned companies in the country or 
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to Canadian based plants of foreign owned companies, or by obtaining 
supply contracts for Canadian manufacturing facilities from foreign 
ventures. Wherever Canadian participation on either level appears to 
mean higher costs, the decision is in part political, whether the 
ultimate responsibility is retained by the appropriate political author- 
ity or assigned to some duly appointed board. The issue to be resolved 
has two significant aspects: 

(a) If a specific supply requirement represents an 
opportunity to develop Canadian talent in an 
area of considerable future promise, proceed. 
(b) If the estimated higher costs are justified by 
what might be deemed an investment in Canadian 
growth, in other words, if it appears that the 
extra cost will result in a reasonable future 
reward to the economy, proceed. 
These are political decisions that should be made in that setting. The 
costs of realizing certain benefits must not only be assessed as to 
their reasonableness but also as to their appropriate assignments, in 
some instances, to such goals as defence, national prestige, national 
unity, etc. Those broad objectives may be the original justification 
for undertaking projects in the forefront of technological advance. 
Successful development may sometimes lead to the creation of a new 
comparative advantage for the Canadian economy. There are pay-offs to 
risk-taking. The Telesat contract is a recent illustration of the oper- 
ation of the principle that some telecommunications issues are political 


and ought to be resolved on those grounds. 
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Industry Responsiveness 


2.47. There seems to be relatively wide agreement that good perform- 
ance in the Canadian economy would mean going a rather considerable way 
toward full employment and reasonably stable prices, an equitable income 
distribution, a high growth rate and a significant degree of competitive- 
ness in world trade. There is less agreement concerning priorities 
among these goals and there are differences of opinion regarding what 

is sufficient in each instance. For example, debate is continuous on 
the topic of what unemployment percentage is "acceptable". To assure 
reasonably good economic performance in each industrial sector, reliance 
is usually placed on unregulated market forces. The underlying premise 
is that competition is sufficiently effective to compel relatively 
efficient resource allocation and to avoid significant maldistribution 
of income. In the circumstances of continually changing demand, the 
appearance of new products and services and the disappearance of old 
ones, and entry and exit of firms, the efficiency needed for good per- 
formance requires highly responsive firms and highly responsive markets. 
Anti+combines provisions are designed to prevent some clear impediments 
to competition. The competition between independent firms is otherwise 
assumed to suffice. 

2.48. However well or poorly the unregulated sectors perform, there is 
a strong public interest in seeing that regulated sectors perform as 
well or better. They are regulated because of a conviction that the 
social control of competition is too weak to be relied upon. There are 


costs of regulating, for which the public would like to see an outcome 
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of responsiveness to changing demand and advancing technology as well 
as efficient resource allocation and prevention of monopoly profit. If 
the complexities of regulating both the overall rate of return and the 
specific rates for individual services interfere one way or another 
with responsiveness, the regulating authorities must select some resolu- 
tion of the possible conflict between levels of financial inducement 
and swiftness of response on the part of the regulated firm. Public 
direction of quicker response seems to have priority over allowing 
higher profits in a regulated industry. 
2.49. They must weigh the costs incurred by telecommunications companies 
in order to achieve quick response to the changing requirements of their 
customers against the costs that would be incurred by the many different 
users of communications facilities because of failure by the carriers, 
and implicitly by the regulating authorities themselves, to keep pace 
with changing user needs. A responsive complaint procedure, fast and 
inexpensive, is likely to be a useful factor in maintaining a respon- 
sive industry. 
2.50. In some cases it may be determined by political or regulatory 
authorities that existing public goals or newly developing public goals 
are being neglected or inadequately served by or seem to be in conflict 
with the private decisions of the carrier companies, which are presum- 
ably made on the basis of prospective corporate advantage. It will be 
the responsibility in such cases of the proper authorities to decide 
that the public objectives will be attained and whether the costs of 
attainment will be borne by taxpayers or telecommunications users. It 


must be noted that a particular public goal may or may not harmonize 
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with the private objectives of communications users when there is 
already some element of conflict with the private objectives of the 
carriers. A particular public goal may conflict with the private 
objectives of both telecommunications users and the carriers. The 
carriers and their customers may also be in conflict with each other 
on a number of issues. Such circumstances make regulatory decisions 
more difficult though not less necessary. Substantial dissatisfaction 
with some regulatory decisions on the part of users might call for 
reviewing the decisions but it should not be taken as an argument for 
extending the area of regulation. The desired responsiveness of the 
regulated carrier industry is a question of priorities finally deter- 
mined by public authorities. That does not necessarily ensure that all 
divergent interests can be equally well served. Sound decisions concern- 
ing significant changes or new projects that present a mixture of public 
and private considerations demand considerable advance liaison between 
political authorities, regulatory boards and the operating organiza- 
tions. The determination of the specific proportions of public and 
private financing of Telsat is an example of the kind of telecommunica- 
tions decision that should follow a thorough examination of different 
viewpoints. Carrying out a project with both commercial and non- 
commercial objectives can certainly be rational even though there may 
be an extended developmental stage during which revenues would not 
justify a purely commercial enterprise. The key to an intelligent 
decision is to specify carefully the degrees of public and private 
participation. If there are important public policy implications in 


any new project, a continuing and overriding public influence is essential. 
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Regulatory Boundaries 


2.51. So long as Canadian public policy gives general support to the 
case for private enterprise operating competitively in open markets, 
unregulated except for such matters as fraud, it is quite important to 
attempt to draw well-defined boundaries to mark the areas that are to 
be regulated. The case for regulation is in the main a case for 
substituting public intervention (public ownership is an alternative 
and is in effect in various industries in different parts of the 
country) for the unhindered play of market forces. That case has 
usually been made whenever public authorities have been convinced that 
unregulated firms and markets would be too unlikely to produce the 
desired outcome of continuous supply adjustment to consumer demands 
and to technological change. The prospect of monopoly power resulting 
in certain firms being able to extract a measure of economic rent by 
withholding some supply from the market and raising the prices of their 
restricted services has strengthened the argument for public interven- 
tion by way of regulation or ownership. The public has some interest 
in regulatory boundaries because they assist or hinder regulatory 
authorities to the extent that they are well or poorly drawn. 

2.02. The regulatory task is an impressive one. “Li 16 1S) tospesa 
success, the decisions and directives of the regulatory authorities 
must bring about results that are at least substantially like those 
obtaining in competitive circumstances that permit no firm individually 
to affect price but require firms to accept the market price as given. 


The regulatory task is difficult enough, that the difficulty is itself 
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an argument for establishing as limited sectors as possible to be 
regulated in the public interest. That is in effect confirming that 
the unregulated and competitive part of the economy be kept as wide as 
possible. When that is not a central theme of Canadian public policy, 
there would then have to be from case to case a choice between public 
regulation of private firms and publicly owned enterprises--two different 
forms of public intervention. Each of the two commercial telecommunica- 
tions networks in Canada is a mixture of private and public enterprise 
and is subject to varying degrees of regulation regarding various 
services. It is far from easy to demonstrate that the publicly owned 
components of the systems are more chary than their shareholder owned 
companions of seeking commercial profits. 

2.53. Even where they eschew profit-seeking as such, publicly owned 
corporations are frequently under pressure to conduct their affairs in 
a businesslike way--possibly including price discrimination. Their 
pricing decisions are an exercise of indirect taxing power. When a 
publicly owned company and its regulatory agency are both under the 
same government, there is a common interest in its "regulated" earnings 
as indirect) tax receipts.» In those?circumstances: stern scrutiny and 
denial of high rates seem unlikely. Revenue-sharing disagreements 
among members of the Trans-Canada Telephone System would be especially 
difficult to resolve in a manner that would also ensure protection of 
the public interest. They represent a private-public company conflict 
and a federal-provincial jurisdictional question, as well as a force 
tending to raise rates. It is fairly straightforward that disputes 


about sharing larger pies tend to be less acrimonious than those over 
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small pies. The absence of effective nationwide rate regulation seems 
to leave the public interest somewhat unguarded. Commercial decisions 
of publicly owned companies may sometimes conflict with public goals, 
if only because of a lack of co-ordination. The recent acquisition by 
Polymer Corporation of a United States computer services firm is an 
example. That apparently reasonable commercial decision could possibly 
impair the growth of the Canadian computer services industry by divert- 
ing business out of the country. Whether it does or not, the hard 
policy issue is that there is no adequate surveillance of the implica- 
tions of such actions. Many of these problems are handled on an ad hoc 
basis, which falls short of establishing policy. Unintended detriment 
is not less harmful because it results from an unmonitored decision of 
a publicly owned corporation. 

2.54. Acceptance of a principal role in the economy for unregulated 
private firms is also acceptance of the proposition that monopolistic 
power be confined or regulated. To regulate partially a single decision- 
making organization and to leave some of its activities unhindered is 
to confound the regulatory process. Once the regulatory boundary is 
held to encompass certain areas, it is essential to the integrity of 
the regulatory process that a business organization in those areas be 
confined to there only. As the activities of a partially regulated 
firm go further and further beyond the regulated field, the public 
interest confronts a quite unsatisfactory choice--extend the regulatory 
boundaries to include the expanding areas of the company or accept less 
and less adequate regulation as that task grows more and more complex. 


The rational and operative objective is to have the regulated set of 
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activities and the activities of the regulated firms coincide completely. 
In other words, anything undertaken by a firm subject to public regula- 
tion is regulated and the regulated firm shall not enter fields that 
are considered better left unregulated. Any significant expansion or 
introduction of new services by a regulated firm must wait for approval 
by the regulators. 

2.55. An important aspect of confining companies solely to a regulated 
sector is seen in several relationships they might have with other 
business concerns. Intercorporate ownership connections, long-term 
contractual agreements and any other means of modifying open market 
contacts are close to impossible to oversee and appraise in the public 
PNLeErest Fe SGuLLicesit “tovsay *that the“extreme “ditficulty “of ‘public 
surveillance destroys the acceptability of any such arrangements between 
a regulated and unregulated organization. A clean separation of 
activities is at best a mere outside chance. Separate incorporations 
may add much to the appearance of arm's-length dealings, they add little 
substance by way of a longer arm, which is the essence of separate, 
independent markets. A subsidiary of any company, and more so in the 
case of companies in sheltered markets where some reasonable rate of 
return is relatively well assured, can charge its parent too much, can 
be forced by its parent to incur too high costs in transactions with 

the parent or it can be arranged that some aspects of the subsidiary's 
activities are quite low profit. Similar arrangements between divisions 
of a single company are harder to detect, which is not to say they are 
easy to detect between different companies. To be certain about its 


decision and their impact, a regulatory commission must be certain about 
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the detailed nature of the arrangements that it purports to assess in 
the public interest. 

2.56. A captive supplier to a regulated firm, whether captive by 
ownership or contract, creates special problems for rival suppliers in 
the same industry as the captive firm. They enjoy no protected markets 
and are barred from an opportunity to serve a substantial part of the 
Canadian market, whenever the parent is important in the total, a likely 
situation in the communications field. This foreclosing of part of the 
Canadian market for equipment and wire and cable is to some degree 
inhibiting on innovation, if only by reason of reducing the possible 
sources of new ideas. If it is to be quite clear that the public 
regulators are at all times certain of their ground and the public 
interest is by them fully safeguarded, the boundary limits of the carriers 
must be defined clearly and firmly. The interfaces with customers which 
have been so vigorously protected in the past by the carriers themselves 
provide a sound starting-point for outlining the boundaries. 

2.57. A satisfactory version of competitive tender as the means of 
carriers acquiring new equipment would seem to improve the likelihood 

of the regulating authorities being able to deal only with genuine 
arm's-length transactions. There would seem to be no better possibility 
of obtaining facts and only facts. 

2.58. Similar considerations prevail on the customer side of the 
carriers--another region beyond their boundaries. Some communications 
users happen to be operating in an extremely dynamic environment of 
rapidly progressing technology. A variety of different sources of new 


ideas is a vital element in enhancing Canadian prospects of remaining 
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in the forefront in computer applications. Many of the uses of computers 
require an important communications component. New entrants in data 
processing services have been promoting many different techniques to 
utilize the capabilities of computers. They have been bringing these 
latest techniques through the highest risk stages of innovation. If 
they were now to find public policy allowing financial giants from 
other lines of endeavour to enter into rivalry with them as well as 
continuing to be their suppliers, they would well question what relation 
Canadian public policy is attempting to establish between risk-taking 
and reward. Cross-subsidizing, predatory price squeezes through high 
communications rates and/or too low data processing charges and improper 
but unavoidable access by carriers to the customer lists of their rivals 
make a sufficient catalogue of catastrophe to keep the regulated 
companies out of that area, too. 

2.59. As already outlined in paragraph 1.16, there is a need to regu- 
late in some detail the relationships between telecommunications 
carriers and cable television companies, including the closest scrutiny 
of any attempts to exclude entry of independent operators by partici- 
pants in either of the nationwide communications networks. There are 
local tax implications in some jurisdictions that depend upon the extent 
to which the earlier established carrier assumes control of physical 
cable networks. It would be desirable that the different public 
authorities concerned confer together and work out an agreement to 
ensure that tax incidence does not have the unintended effect of 
discriminating between communications carriers and independent cable 


television organizations. Technical change and public policy, not 
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accidental tax effects, ought to determine future developments in cable 
use. 
2.60. There is at least some suspicion that the impact of the mixed 
federal-provincial jurisdiction on trans-Canada telephone rates has 
led to less severe downward pressure on long-distance rates than on 
local and single-company rates on the average. If the longer rates 
have as a result, even without design, moved more in the direction of 
the discriminatory limit of value of service and away from being cost 
related, that tendency poses a problem. It seems that overall rates 
on routes using a United States segment are and may become increasingly 
more favourable to customers than the rates on all Canadian routes of 
roughly equivalent distance. There is evidence that Canadian carriers 
have a policing problem to keep long distance traffic on completely 
Canadian routes. If building up Canadian traffic is desired, it is 
more efficient to have rates that support that objective. The resolu- 
tion of the differentials vis-a-vis the "long" and "short" rates will 
require a significant federal-provincial agreement, which might lead 
eventually to the creation of some sort of long distance organization. 
If thorough examination of the specific costs convinces regulating 
authorities that there is a cost justification for at least part of the 
Canada-United States rate differential, the problem may call for a 
political*solution: 
2.61. Consistent with the argument to confine public regulation of 
rates and overall rate of return to those important services that tend 
strongly to be monopolistic because of economies of scale and at the 


Same time also to restrict the regulated firm to regulated activities, 
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there needs to be an examination of cable television networks. Several 
companies own and control the transmission facilities as well as organiz- 
ing the programme package. That is, they are in two distinct activities, 
each of which is monopolistic by public grant. The Canadian Radio- 
Television Commission (CRTC) reviews programme origin, content, schedul- 
ing, and so on. There is also an obvious need for continuing financial 
regulation of both activities. It is not convincing to argue that a 
particular message transmission system, in this case cable television, 
ought to be unregulated while other communications systems are regulated. 
A cable television system operates in its exact franchise area as a 
monopoly, which is granted by the CRTC in the public interest. The 
CRTC establishes and reviews operating conditions of the system which 
has received an exclusive, monopoly franchise. In such a clear monopoly 
case, continuing financial regulation is a necessary part of protecting 
the public interest. Attempting to distinguish that one type of net- 
work from the others on the basis of its being one-way transmission 
would be to ignore the use of the national commercial telecommunications 
networks for similar one-way transmission. It would also fail to 
recognize that cable television systems can technically be converted, 
at some additional cost, into two-way systems and that such conversion 
is likely to prove desirable. Finally, the case for continuing financial 
regulation rests upon the existence of monopoly power and is especially 
strong whenever the monopoly depends upon a grant made in the public 
interest. Modes of transmission used have no direct bearing on the 
question of regulation. 


2.62. Access to the needed public rights-of-way would be an unreasonable 
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argument for assigning the transmission facilities and that specific 
business, with due compensation paid, to the major telecommunications 
carriers If it is necessary invsome communities ein) ordermroravord 
costly physical duplication of poles, etc., to assign stringing space, 
that is a simple question of establishing a regulated charge for using 
the same physical route. If, however, technological advances make a 
single cable system or other single electronic channel device clearly 
more economical than two communications links to individual homes and 
offices, there might then be a persuasive argument for one company 
transmitting voice, picture and data messages. Mainly on grounds of 
less economic disturbance, there would seem to be some preference for 
the present voice carriers to handle all transmission but to be denied 
any programme creation. There is a federal-provincial problem which is 
perhaps in process of being resolved by keeping provincial authorities 
out of broadcasting. There is of course the more complicated alterna- 
tive of assigning local transmission to local companies, possibly some 
combination of existing cable television companies, and making existing 
telephone companies ''long distance carriers". Regardless of the partic- 
ular way in which these relationships will prove to be shaped by tech- 
nical advances and regulatory decisions, monopoly conditions, whether 
in transmission or programme offerings, will continue to call for compre- 
hensive regulation in the public interest. However, future prospects 
for further significant technological advances in this industry impose 
on regulatory authorities a clear obligation to cast their directives 
in such a fashion so as to avoid any serious innovative lags that might 


conceivably accompany regulation. 
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REGULATORY ISSUES AND OBJECTIVES 


Evaluation of Current Regulatory Practices in Canadian Telecommunications 


3.1. As a general summary proposition, the breadth and intensity of 
administrative, judicial and legislative control or guidance exercised 
over the industry in Canada over the years has been minimal--both at the 
federal and provincial levels. Formal rate hearings or definitive 
technical or financial inquiries involving carrier operations have been 
widely spaced over time. They have also been narrowly confined mainly 
to a concern over the rate of return generated ex post on company- 
determined expansion and replacement-oriented investment programs. 
There has been sporadic monitoring of a carrier company's rate of 
return on its total capital investment which has been approved after 
the fact. That overall rate of return regulation of carriers has been 
virtually the only vehicle used for the exercise of the general mandate 
assigned to all levels of regulatory bodies in Canada to assure "just 
and reasonable" rates to users of utility services. In short, even 

the most active regulatory commissions in Canada have not chosen, or 
been pressed seriously by their legislatures or by organized sections 
of the public, to examine in depth utility performance criteria other 
than earnings on capital employed and the associated general level of 
the rate structure. In particular, administrative bodies have been 
given little if any legislative guides as to economic principles of 
"just and reasonable", Hence they have tended to fall back on some 


kind of legal determination of what is equitable as a basis of deciding 
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"just and reasonable". 
3.2. Specifically, little attention has been paid to utilization rates 
of capital employed, to service standards and extensions, to the rates 
of introduction of new and upgrading of old services, to the rate of 
introduction of new technology and equipment and the scrapping of old, 
to least-cost efficiency or production considerations operating quite 
independently of earning levels which themselves are based in part on 
authorized final prices. Moreover, scant attention has been given to 
the rationale underlying rate or price relationships authorized between 
particular classes of service. Furthermore, virtually no consideration 
has been given to the appropriate limits or bounds of regulated activity 
or to the terms of entry and operation of new firms offering fringe 
competitive services. 
3.3. As will be noted later, there is now considerable evidence to 
suggest that the broad scope of regulatory concern in the future should 
be considerably widened so as to include greater recognition of the 
larger issues enumerated above. The posture of regulatory policy 
adopted (both administrative and legislative) concerning these larger 
issues is likely to have more bearing on the long-term development of 
the Canadian telecommunications industry than is further more sophisti- 
cated attention to ways of determining a just and reasonable rate of 
return on investment or level of gross revenue generation on explicitly 
regulated service offerings. 
3.4. In terms of past effectiveness of specific regulatory practices 
however, it is difficult to assess the impact on industry performance 


precisely. As indicated in Chapter 2 of this study, such evidence as 
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exists from the infrequent rate hearings of federal and provincial 
regulatory commissions in the past suggests generally effective control 
over the outside limits of any gross generation of monopoly rents or 
profits to the provisioners of capital--whether public or private. By 
long-established tradition now, it is this kind of control and surveil- 
lance that regulatory commissions throughout the country are best able 
to provide. But there are already increasing signs in Canada of subsid- 
iary problems and conflicts which are not to be settled by mere regula- 
tion of profit rates. 

3.5. On the other hand, a critical view and analysis of the rate 
structure and rate differentials for particular classes of service and 
equipment by regulatory bodies has not been nearly so widespread. In 
the case of federally regulated voice and telegraphic rates, virtually 
the whole initiative for detailed rate-making has rested with the 
principal carriers involved (the Bell system and CN-CP Telecommunications). 
Rate negotiations among members of the Trans-Canada Telephone System 
have tended to generalize carrier initiative in rate-making. The 
process has had to proceed within shifting and inevitably vague guide- 
lines of adherence in theory to the elusive ''value of service" concept 
as ratified by the earlier Board of Transport Commissioners and carried 
forward since, but with increasing ad hoc intrusions of separate cost 
of service considerations. Hence the rate-averaging principle within 
company systems has become firmly entrenched and accepted as some kind 
of compromise between an incomplete commitment to rate differentials 
based purely on "value of service'' on the one hand or on "cost of 


service'' for specified classes of equipment or services on the other. 
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Leaving aside for the moment the appropriateness of either one or a 
mixture of the two approaches for regulatory purposes, it is neverthe- 
less clear that up until the C.T.C. Order of 1969 on Bell Telephone, 
no systematic attempt was ever made to set out the extent to which rate 
differentials were in any way related to explicit cost differentials. 
That attempt is confined for the present to the broad categories of 
regulated and unregulated services. It is argued here that cost and 
revenue separations, and in more detail than the two broad categories 
of the 1969 Order, are long overdue. Having once decided that the 
determination of a "just and reasonable" rate for a service should take 
some account of the differential cost of providing the service, then 
surely users of the service and any other interested group are entitled 
to know the manner and extent to which cost or other considerations are 
to be incorporated into the rate-making process. This is the essence 
of being informed about the extent of cross-subsidization between 
classes of users which is ratified finally by the regulatory body. 
3.6. Finally, while still on the subject of rate relationships, no 
effective control of inter-system interprovincial long-distance public 
message telephone tolls has existed on the part of any regulatory body 
in Canada because of the uncertain state of federal-provincial regulatory 
jurisdiction over such traffic. The rating and division of revenues 
applicable to traffic of this type are determined by agreement of the 
two systems involved in two-system transmissions, or by agreement 
reached within the Trans-Canada Telephone System industry consortium 
where more than two systems are involved in the traffic. Thus long 


distance inter-system telephone tolls have been subject to self regulation 
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by the industry essentially. Such a scheme has been workable up to 
the present time, but in the absence of revenue-related cost breakdowns, 
it is virtually impossible to assess the effectiveness of such control 
in terms of the public interest and that of particular classes of users. 
Long-distance voice and data transmission services are growing rapidly 
as an intermediate good, i.e., as an input of industry and commerce 
across the country. It is inevitable that the interests of this class 
of user, along with any commitment to growth of national productivity, 
will demand and should be entitled to fuller accountability with respect 
to the rate-making principles used to establish rate differentials for 
long-distance services versus other classes of service in Canada, and 
versus similar classes of service in other countries. 
3.7. With respect to the effectiveness of existing regulatory practices 
over such other things as the type and rate of capital investment, of 
technical innovation and of standards of service within the industry, 
again such control by public regulatory bodies has been minimal and has 
resided largely within the separate corporate carrier systems and in 
the case of the telephone companies, by agreement between the systems 
as part of the Trans-Canada consortium. Hence regulatory practices in 
Canada have provided wide permissive latitude for self regulation by 
the industry itself in respect of the matters mentioned above. The 
performance of the Canadian industry under these circumstances cannot 
be faulted in any obvious way, when judged by comparative international 
standards of quality and variety of services, of capital investment as 
related to market coverage, and of the rate of technical advance and 


innovation as related to new services and the modernity of system plant 
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and equipment. 
3.8. When judged on pure efficiency grounds however, i.e., achievement 
of lowest possible costs per unit of service, there seems to be reason 
for some reservations. Cursory indications point to substantial dupli- 
cative unused capital capacity in many sections of the trans-continental 
microwave trunks taking the telephone and CN-CP systems together. Such 
is the outgrowth of an earlier federal government policy decision 
authorizing the construction of a second transcontinental microwave 
system in the hands of CN-CP. That decision has had the effect of 
creating the beginnings of a duopoly structure in the mainline trans- 
mission sector of the industry. More complicated regulatory guides and 
practices will now be called for in the future as the potential of each 
system increases for the offer of generally similar services under 
regulated conditions. One of the most difficult problems posed in the 
regulation of franchised duopoly is that of exercising proper control 
over the possibilities of excessive and duplicative capital investment 
taken for the industry as a whole. The difficulty is even greater in 
the absence of explicit rules for market-sharing as laid out and super- 
vised by the regulatory commission. Having in mind the inevitable 
moral commitments attached to precedents already set, it is difficult 
to find any preferred solution other than closer scrutiny in the future 
of the capital investment plans of both systems taken as a whole. 
3.9. In summary, an overview of past regulatory (legislative and 
administrative) practices suggests reasonably effective self-regulation 
on the part of the industry which has permitted a minimum of public 


regulation by the C.T.C. or other regulatory boards. There has been 
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minimum direction from legislative or administrative bodies holding 
adequate ultimate powers. This arrangement has depended however on a 
considerable degree of self regulation by the industry itself on matters 
other than those bearing directly on the definition of a just and 
reasonable composite level of rates and rate of return on capital 
employed. If it has been effective, it is only because of the rela- 
tively simple nature of the system in the less complex commercial set- 
ting that prevailed until recently. 

3.10. On the other hand, legislative guidance and direction as part 

of the overall regulatory function appears to have been sporadic and 
often tardy over the years. It seems not to have provided reasonably 
continuous guidance and policy direction to the judiciary and appropri- 
ate administrative bodies--nor to the industry through these bodies--as 
conditions within the industry and the country change over the years. 
Such is a common complaint or.deficiency in most countries or legisla- 
tive jurisdictions it seems. There is now evidence in Canada of a 
rapidly growing need to improve the liaison and long-term planning 
capability of governments and the telecommunications industry through 
the provision of machinery designed better to monitor the changing 
concerns of industry, legislators and administrative staffs responsible 


for the ongoing development of the industry in the larger public interest. 


Optimum Resource Use and the Role of Public Regulation 


3.11. There are two general difficulties about dealing with the whole 
question of optimum efficiency of resource use within a context of public 


regulation. 
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3.12. In the first place, a concept of optimization based upon the 
achievement of purely economic goals may often appear far too narrow to 
meet the needs of broader public policy goals which themselves imply a 
different dimension to optimization, e.g. national security objectives, 
environmental control objectives, social development goals, national 
prestige and foreign policy objectives, regional development policies. 
It is here that a special responsibility resides with the appropriate 
legislatures to spell out clearly and in good time the extent to which 
these broader objectives are to be pursued by a regulated industry as 
directed or enforced by a regulatory administrative body. Ideally as a 
matter of responsible government, the legislative authority should also 
provide the administrative body with a clear directive as to the extent 
to which the pursuit of broader public policy objectives is to be 
financed by segments of the industry users in contrast to the public 
treasury. The most recent example concerns the manner in which the 
carriers' shares of the capital investment in the domestic communica- 
tions satellite system are to be recouped. 
3.13. In the second place, the specification of optimum resource use 
itself involves several levels of generalization in terms of purely 
economic goals. The task of monitoring the degree to which optimiza- 
tion has been achieved in any category is more difficult under regulated 
monopoly or duopoly conditions than is the case where numerous enter- 
prises in competition can be observed and analysed. For instance, the 
first level of cost optimization involves the optimum mix of productive 
inputs (including technology, information and managerial services) such 


that a variation of each input in terms of a unit of value at the margin 
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has the same impact on the value of output as a variation in any other 
input. Such would define the most efficient use of resources or inputs 
in a particular productive process at any scale of production which 
might be chosen. Optimization of resource or input use in this sense 
has only to do with the best technical organization of production. Only 
broad technical surveillance by regulators can assure that this kind of 
optimization is being pursued in fact. 
3.14. The optimum scale or size of operations, or of total use of 
inputs by the enterprise, is another matter and has to do with a proper 
balancing of input costs not against each other, but rather against 
variations in revenue for every variation in the optimum package of 
inputs taken as a value unit of costs. If the enterprise goal is 
defined as profit maximization, then the optimum size or scale of out- 
put or of total input application is such that any variation in the 
value of (optimally mixed) total costs applied (a change in scale of 
operations) will generate an equal variation in total revenue. This is 
the well-known requirement of equating marginal revenue to marginal 
costs. Viewed in terms of long-run costs, this equality condition 
provides a guide to management as to the most appropriate scale of 
enterprise operations for a particular industry in terms of total profit 
maximization. 
3.15. The two levels of optimization just discussed imply the most 
efficient mix and total use of input resources for the enterprise and 
all others like it from the point of view of producers only--but not 
necessarily from the standpoint of consumers. In the absence of fully 


competitive conditions in all respects, some enterprises may be able 
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to earn persistently a residual rate of return on owner inputs far in 
excess of that actually necessary in the absence of protected markets 
or natural or artificial barriers to the availability or movement of 
certain inputs. 
3.16. For maximum efficiency of resource use combined with maximum 
consumer satisfaction, a third level of optimization is necessary 
(given the distribution amongst consumers of the various determinants 
of demand). This implies the offer to consumers by producers of the 
greatest sustainable level of output at a price which approximates the 
lowest attainable level of total costs per unit of output (where costs 
include the necessary residual returns to some inputs). 
3.17. In short, all of this now implies that all existent and potential 
producers will be persuaded by the short and long-term forces of competi- 
tion to adjust to a size of total operation yielding minimum unit costs, 
the latter then approximating unit marginal costs and price in the 
market. To the extent that all of this takes place, then optimum 
resource utilization can be said to co-exist with optimum consumer 
satisfaction. 
3.18. However, the task of trying to simulate both sets of optimized 
results simultaneously under conditions of imperfect competition is a 
formidable one even under conditions of explicit public regulation. 
This is so for any one of a number of reasons having direct applicability 
to the Canadian telecommunications industry. Certain of these difficul- 
ties are now discussed separately. 
3.19. In a regulated monopoly or near monopoly situation, the regulating 


authority has few direct reference points against which to judge the 
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efficiency of input combinations at any scale of operations, or the 
extent to which long-run average or marginal costs might be expected to 
vary with increased service. By definition, there are few other enter- 
prises of sufficiently similar product, plant and equipment mix available 
to observe directly. Nor can one rely on the usual competitive forces 
of price-shaving, market encroachment and possible financial disaster 

to correct any inefficiencies in the cost structure if these have 
developed. Nor will an increase in the rate structure or in the permis- 
sive rate of return on investment necessarily provide the appropriate 
incentive to cost reduction. The permissive rate itself is based on 
costs as they appear in actuality. Moreover, any economic rent arising 
from a degree of protection from competitive forces or from critical 
public scrutiny can be realized in forms other than supra-normal profits, 
e.g., the many and varied forms of corporate perquisites and amenities. 
3.20. In addition, as a number of authorities have noted, a positive 
managerial bias may exist towards excessive substitution of capital in 
the cost mix where a compensatory level of rates or prices tends to be 
judged in terms of the return generated on capital committed to the 
enterprise--and this could be more or less regardless of how fully or 
efficiently such capital is employed. A common case in trunkline 
communications is the extent to which management may judge it necessary 
to provide standby emergency or peaking capacity within the system 
rather than to arrange for the use of alternative facilities in another 
system. It may also be the case in duopoly situations or in cases of 
overlapping franchises or service offerings that stake-out investments 


may be made in installations, equipment or in the acquisition of 
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corporate subsidiaries in the hope of securing access by precedent to 
new service territory in the future. 

3.21. In the absence then of self-correcting forces in the market, all 
such possibilities as mentioned above could well lead to cumulative 
lapses in the achievement of optimal cost conditions. There is therefore 
a special responsibility residing with any regulatory body to maintain 
a wide-ranging and critical surveillance of system operations; surveil- 
lance which extends well beyond an immediate concern for profit levels 
and an overall level of rates somehow defined as being just and reason- 
able. Rates must, however, also give a compensatory rate of return to 
the provisioners of private capital where such are present. 

3.22. In short, the general level of permissive rates or prices must 
ultimately be related in some fashion to lowest attainable cost under 
regulation; and the level and mix of costs in turn are related in some 
fashion by management to the classes, extent and quality of services 
offered, to the types and modernity of plant and equipment utilized, 

to the extent of emergency and peaking protection built into the 
system, etc. If the regulatory authority is to exercise general super- 
vision over charges and rates, it should be given a clear mandate to 
exercise scrutiny over broad plans and decisions affecting costs and 
standards of service. Moreover, there are times when costs of service 
may be altered substantially by legislative or departmental policy 
decisions taken with reference to public policy goals which are broader 
than those of simply maximizing efficiency of resource use in the short 
and medium term; e.g., duplication of trans-continental microwave 


systems, introduction of the satellite technology, etc. In cases of 
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this kind, the regulatory administrative body should be invited to 
inform, and should be informed by, the appropriate legislative or policy 
group regarding the probable impact of policy decisions on costs and 
user charges, and the manner in which this impact is to be handled. 
There is, at the moment, an apparent serious deficiency in the liaison 
mechanism between the legislative and executive arm of government and 
the administrative and quasi-judiciary bodies. 

3.23. A further obstacle to regulation in pressing for optimum resource 
use can arise in the unlikely case of a decreasing cost industry, i.e., 
where the lowest level of unit costs attainable by any firm in the 
industry (including a monopoly firm) decreases indefinitely as the 

scale of operation of the enterprise increases. This is quite apart 
from any external economies or diseconomies arising over time which may 
affect the cost conditions of any and all-sized firms as the output of 
ablerirms. ewiten is, totsay Ghe industry, ancereases. 

3.24. Within a context of long-term cost possibilities, the concept of 
a decreasing (unit) cost industry implies a condition of increasing 
returns to scale. In this unlikely practical case, long-run marginal 
costs would be everywhere falling and everywhere less than average 
costs per unit as the scale of output is increased indefinitely. Hence, 
any price in the market which is low enough to be equal to marginal 
cost could provide only a loss to the enterprise even in the long-term. 
Theoretically, optimum resource use in this case would call for with- 
drawing from production altogether, and applying the resources in some 
other endeavor. This is an interesting theoretical case that points to 


possibilities implied by decreasing unit costs which may not, however, 
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be realized in practice ultimately because of diminishing returns to 
management (an increasingly complex administrative burden, for example), 
etc., as the scale of operation of the enterprise increases. Moreover, 
the natural pressures leading to monopoly development in these circum- 
stances would eventually permit pricing well above marginal costs. The 
concept of marginal cost is to be discussed in more detail later. 

3.25. Of more practical concern is the case where the indivisibilities 
of basic technology, system design in relation to market structure, etc. 
are such that decreasing unit costs appear to be available to the enter- 
prise over so wide a range of output that its upper limit may approximate 
for all practical purpose the entire industry demand. Such a phenomenon 
is not really due to increasing returns to scale properly speaking, but 
rather to increasing proportional returns to greater use of certain 

more variable inputs in combination with other lumpy or indivisible 
inputs, e.g., basic system design and development, basic plant and 
equipment used for a wide variety of services. Certain of these cost 
indivisibilities may bulk large in any calculation of average cost per 
unit of service for systems with a relatively small or a non-uniform 
load factor. Substantial reductions in unit costs may therefore be 
apparent over a very extensive range of increased volume of service-- 

in certain activities or territories and particularly as new and 

related services are absorbed more intensively within the same market 
area. At some stage, however, further large additions to system 
development will have to take place. Unit costs may rise rather sharply 
for a time, only to fall gradually again as other inputs and volume of 


output increase. The important question then is how low can the 
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declining average costs be expected to go in each successive stage, 
and as output grows, before a further large addition of indivisible 
inputs is required. If these minimum levels are relatively constant 
beyond a certain size of system, then long-run marginal costs will also 
be stabilized at a level approximating minimum average costs. Regulatory 
pricing can be guided accordingly. Moreover, if average unit cost 
minima appear relatively constant beyond a certain general range of 
output which is well below that of the ultimate market potential, then 
the expansion or entry of other firms as the market expands should have 
no particularly harmful effects on cost conditions within the enterprise 
in question. On the other hand, if the growth of the enterprise is 
constrained by new entries and by market limitations whilst unit costs 
are still decreasing (albeit sporadically), then all firms may have to 
be sustained under regulated market sharing arrangements at unit cost 
levels which are not the lowest attainable. 
3.26. Once again then, it is evident that the ongoing regulatory 
authority must be prepared to analyze and monitor cost conditions 
characteristic of the particular industry in question, and of the 
constituent firms. This is not to say that detailed directives are 
called for, but only to emphasize that whatever the general approach 
adopted to rate regulation in the interests of consumers, the effect- 
iveness of regulation in the final analysis must always be judged in 
terms of input and cost efficiencies, and the extent to which the bene- 


fits of these efficiencies are transferred to the public. 
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Discriminatory Pricing and Cross-Subsidization in Rate-Making 


3.27. Any discussion of price discrimination is a complicated one since 
it can involve not only questions of impact on profit maximization and 
efficiency of resource use, but also subjective judgements concerning 
consumer welfare of two or more user groups, and of user versus non- 
user groups. Moreover, the interests of monopoly management may no 
longer be guided by strict motives of profit maximization where some 
form of profit constraint is imposed by regulation. Instead of profit 
maximization in the interests of owners, some have postulated instead 
management goals of sales or revenue maximization, or of output maximi- 
zation, or of allowable expense maximization up to the point where 
profits are reduced to the constrained level imposed by regulation. In 
the absence of a regulatory restirction, the kind and degree of price 
discrimination practised by a regulated monopoly will depend among other 
things on the performance proxies which management is bent on maximizing. 
3.28. Even assuming a goal of profit maximization under monopoly regu- 
lation, the results and impact of price discrimination can vary widely 
depending on the separable demand characteristics applicable to different 
but related types of service and of customer use. In the case of the 
single-product single-market unregulated monopoly, profit-maximizing 
management will seek a level of output such that marginal revenue is 
just equated to marginal cost. In all circumstances of marginal cost 
(i.e. falling, constant or rising), such a level of output will fall 
short of the competitive norm, or Pareto optimum use of resources, in 


the sense that price will exceed marginal cost at this output. In 
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addition, the producing monopolist will ordinarily be able to appropriate 
monopoly profits (that is, profits in excess of the competitive norm) 
except in an unusually coincidental juxtaposition of industry costs 

and market demand. However, a single-minded regulatory objective of 
excess profit elimination will not necessarily push the monopolist to 
the competitive optimum scale of operations except in the case of 
constant unit costs (everywhere equal to marginal costs). In this 
exceptional case excess profits are reduced to zero and marginal cost 
has been equated to the approved (uniform) price. 

3.29. Where unit costs are rising however, profit elimination would 
imply pricing at average cost which in these circumstances must be 
something less than marginal cost. This implies that the monopolist 
would now be using excessive quantities (cost values) of community 
resources, i.e., input values which cannot be justified by the (uniform) 
prices which users of the monopoly service are asked to pay. On the 
other hand, in the same circumstances of rising average and marginal 
costs, if the regulated monopolist is pushed only to the optimum scale 
of output or resource use such that the authorized price is just equal 
to marginal cost of the service, then some excess monopoly profits still 
remain. Such profits cannot be eliminated (short of a lump-sum residual 
profits tax) via any further price-output specification without causing 
a non-optimal distortion in the total use of resources. 

3.30. In the case of declining average and marginal cost conditions, 

a regulatory objective of profit elimination via reduced price specifi- 
cation could achieve such elimination of monopoly profits and induce 


some increase in output towards optimum. At the scale of output where 
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monopoly profits are eliminated however, authorized price will remain 
in excess of marginal costs. A regulated price specification which is 
sufficiently low to reach the marginal costs of the last increment to 
further production (and necessarily below average unit costs over all 
of production) would imply an overall loss to the monopoly (the case 
for a lump sum subsidy raised through a poll tax or levy on all users 
or the community as a whole if prices are not to be distorted throughout). 
3.31. Thus even in the case of a simple or non-discriminating regulated 
monopoly, the imposition of a profit constraint alone (e.g. zero supra- 
normal profits) is not sufficient by itself to assure optimum scale of 
operation or of resource use on the part of the monopoly. Hence it is 
important to regulation to know something about the condition of returns 
to scale within the firm over the relevant range of expanded output-- 
and about the influence of external economies or diseconomies on the 
cost structure of the monopoly firm. 
3.32. Moreover, the insufficiency of a profit constraint alone in 
terms of optimum resource use is further aggravated if monopoly manage- 
ment in the face of the profit constraint turns to a variety of unsuper- 
vised adjustment objectives, the pursuit of which may cause persistent 
over or under production on’ the part of the regulated firm. Possibilities 
that have frequently been mentioned in the literature include non- 
productive expense padding by management, sales or revenue maximization 
with or without advertising expense, output maximization, and numerous 
variations or combinations of the above. Under conditions of increasing 
average and marginal costs, and even in the case of a simple or non- 


discriminating monopoly, it is possible that such management objectives 
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can lead to pricing below marginal costs (output beyond the Pareto 
optimum allocation) in the case of sales and of output maximization 
objectives, and to output less than this optimum in the case of amenity- 
ridden cost adjustment policies. 
3.33. Some of these possibilities are enhanced however in the case of 
a multi-produce or a multi-market monopoly which practises price dis- 
crimination between users of the same service in different markets or 
between users of the different but often related services. If left to 
its own devices, and assuming a profit maximization motive, the discrim- 
inating monopolist will ordinarily price differently in the multiple 
markets if some part of the spectrum of point elasticities of demand 
in one market differs from that in the other market. For any given 
level of total output, total revenue to the discriminating monopoly is 
maximized where sales are adjusted as between the two markets such that 
marginal revenue in one market is just equal to marginal revenue in the 
other (i.e., the monopolist is selling at the margin under roughly the 
same conditions of elasticity in each market). The rub, however, is 
that the prices charged in the two markets so as to achieve total 
revenue maximization in this way may be quite different. For profit 
maximization, given the rule for revenue maximization, the discriminat- 
ing monopolist will produce at a total level of output such that the 
equalized marginal revenue in each market is just equated to marginal 
cost (in the case of common or equal marginal costs in each market). 
Again however, as in any monopoly and by definition, marginal revenues 
in any and all markets will be less than demand price at any level of 


sales and hence the output levels will fall short of the competitive 
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norms. The unregulated discriminating monopolist will also fall short 
of the competitive "norm" optimum size or scale of output in the sense 
that output will not voluntarily be increased to the point where some 
kind of weighted average price in all markets (average revenue under 
discrimination) is allowed to fall to the point of equality with 
marginal costs. In the exceptional case of a perfectly discriminating 
monopoly which charges a different and lower price for every additional 
unit of service consumed, marginal revenue becomes virtually identical 
with demand price at each level of sales. That is a theoretical extreme 
which seems to be a practical impossibility. One of the closes approaches 
is the multi-block pricing often used by electric power companies. The 
total output will in that special case as well fall short of the compet- 
itive norm. 

3.34. The general result of this kind of price and output behavior in 
the case of a monopoly practising price discrimination is roughly the 
following then: the total scale of operations or of production to all 
markets will be something less than the competitive norm both in total 
and in each market in the sense that price in each market will be some- 
thing higher than marginal cost in that market. However, the monopoly 
price differential above marginal cost, and the monopoly short-fall in 
sales below the competitive norm will not be nearly so pronounced in 
those markets where output or sales are highly responsive to a given 
price change than in the less responsive markets. In the latter less 
elastic markets, the discriminatory monopoly price will be considerably 
higher than marginal cost and considerably higher than the price for 


the same product in the former markets where sales volume is relatively 
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more responsive to price changes, i.e., where demand is more elastic. 
3.35. The relatively price insensitive markets are sometimes character- 
ized by the notion of high value of service, which is taken generally 
to mean that a high proportion of potential users or consumers will 
stand ready to buy substantial quantities of the product or service 
more or less regardless of substantial percentage changes in price. A 
preponderant characteristic of this kind of aggregate demand for a 
product or service may arise for many reasons: the service is viewed 
as a comparative necessity in the budget of most consumers when judged 
against alternative budgetary outlays; or the service may be viewed as 
a virtual necessity as an intermediate input in the production of other 
goods; or there may be few satisfactory substitutes available from other 
firms or from other industries. This might be true only in certain 
markets or geographic regions and not in others--and it might be due 
either to natural characteristics of the product or to artificial or 
franchised monopoly restrictions on competitive substitutes. Over a 
wide price range, the quantities ordinarily demanded and the expendi- 
tures involved by any one consuming unit may be small relative to the 
income of most consuming units in the population. In short, and for a 
variety of reasons, the willingness of consumers in the aggregate to 
utilize some products or services may be noticeably less sensitive to 
given percentage price changes than for other products. 

3.36. In markets of this kind however, where volume quantities are 
relatively insensitive to price changes, changes in buyer expenditures 
or in sales receipts of sellers will be highly responsive to price 


changes. Hence a 50 per cent rise in the market price of a service may 
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have little effect on quantity of sales in the market, but may raise 
the total outlay of buyers by nearly 50 per cent and, by definition, 
the total receipts of sellers by nearly 50 per cent. It is this latter 
characteristic of a relatively inelastic demand structure, and the 
opposite of the more elastic demand condition, that provides the driving 
incentive for the discriminating monopolist where possible to raise or 
hold up price in the less elastic demand markets. As noted earlier, 
prices will be adjusted to relatively lower levels in the more elastic 
markets, and to higher levels in the less elastic markets to the point 
where the last unit of sales in either market brings in the same addi- 
tion to total revenue. For unconstrained profit maximization then, it 
is this equalized marginal or incremental addition to total revenue 
available from each and every market that will be equalized against the 
marginal cost of added output no matter where sold. The general effect 
of a monopoly price policy which discriminates between markets is that 
prices will be lower and closer to marginal cost, and output will be 
higher and closer to the competitive norm in the more price elastic 
markets; conversely, equilibrium prices will be higher and well above 
marginal costs, and output will be more restricted and well below the 
competitive norm in the less elastic or less price responsive markets. 
3.37. It turns out now that these well-known results lead into a second 
great dilemma confronting monopoly regulation. Not only must the extent 
of monopoly profits in total be monitored, but also the possible differ- 
ential effects on total output, total revenue and total profits if the 
multi-market monopoly is instructed to conform to a uniform pricing 


policy in all markets versus freedom to discriminate between markets. 
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Where a uniform pricing policy is imposed, it is clear from theory that 
the profit-maximizing multi-market monopolist will be manouvered into 
selling a higher proportion of total output at any given level of 
production into the less price-elastic markets, and a lower proportion 
into the markets of higher price elasticity than if he were permitted 
to discriminate in price. Since the price charged in all markets is 
now uniform, the monopolist must accept whatever level of sales is 
dictated by that same price in each market. In other words, he must 
accept whatever level of marginal revenue (and therefore point elastic- 
ity of demand) is associated with the particular level of sales and 
uniform price in each market. He is not able to jiggle the prices and 
sales between markets so as to reach the same point elasticities or 
values of marginal revenue in all markets. This being the case, the 
best that the non-discriminating monopolist can do is to select the 
uniform price and total sales so as best to average out what may turn 
out to be a very low or negative marginal revenue in some markets (low 
point elasticity of demand) with considerably higher marginal revenues 
in other markets (where the elasticity of demand is greater in the 
immediate region of the uniform price and associated level of sales). 
In fact then, profit maximization under the constraint of uniform pric- 
ing between markets will take place at the particular level of uniform 
price and associated total sales in all markets such that the weighted 
average of relatively high marginal revenues (high point elasticities) 
in some markets and relatively low or negative marginal revenues in 
other markets is just equal to the marginal cost of the combined output. 


3,38.) Given the ‘same cost structure, it turns, out in theory that for 
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the same level of total output in all markets combined, the maximum 
possible total revenue and total profit are the same or higher under 
price discrimination than under a uniform pricing constraint. Leaving 
aside a mathematical demonstration, the above result follows basically 
from the necessity for the monopolist under a uniform pricing constraint 
to sell into markets where total revenue generated from any uniform 
price reductions may increase only slightly or may even decrease with 
increased sales. Meanwhile, the uniform price will limit sales expan- 
sion in the more elastic markets at volumes which are still capable of 
generating high incremental additions to total revenue in these markets 
--high enough to balance off the low or negative additions in the less 
elastic markets. 
3.39. In general then, the main effect of a uniform price constraint 
imposed on the otherwise discriminating monopolist is to induce rela- 
tively higher sales in the markets of low elasticity of demand to the 
point of low or negative incremental revenue additions, and relatively 
less sales in the markets of greater demand elasticity at a volume of 
sales where incremental revenue additions are comparatively high. The 
unfettered discriminating monopolist in contrast will jiggle prices and 
hence sales volume in each market separately such that the incremental 
additions to revenue in each and every market are about the same. To 
achieve this result however, final prices charged in each market may 
differ widely depending on the comparative elasticities of demand in 
the region of actual price and output combinations in the separate 
markets. In addition to these effects between markets, the discrimin- 


ating monopolist will usually be able to gather a somewhat larger total 
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revenue for any given level of total sales or output than in the case 
of non-discrimination. He does this by means of a more sHaveusn appro- 
priation of consumer's surplus or welfare as monopoly profits. 

3.40. Looking now at the more practical side of these results from the 
standpoint of regulatory implications, a number of considerations stand 
out. ‘Consider first the possible effects of a zero (excess) profits 
constraint imposed by regulation. In the absence of a lump-sum tax 
mechanism levied on residual monopoly profits, the constraint will 
normally be imposed by holding or setting the permissive level of aver- 
age prices to be charged in the rate structure to a level more closely 
approximating marginal and average costs. Still assuming profit maxim- 
izing behavior, the monopolist will increase output in the face of the 
price constraints in an attempt to achieve second-best profit optimiza- 
tion. But if the price constraints must be applied as uniform or non- 
discriminatory prices, the non-discriminating monopolist will move to 
an expansion of total output towards the competitive norm in a particu- 
lar fashion. If on the other hand, the multi-market monopolist is 
permitted to develop his own rate structure adjustments, his expansion 
offtotal salesyis) likely to follow a different pattern. 

3.41. Not only will the pattern of sales and output adjustment be 
different between markets, but the equilibrium level of total production 
at the point of (excess) profit elimination could be somewhat larger in 
the case of the discriminating monopolist than in the case of uniform 
pricing. In the latter case, a more or less uniform price can be 
equated to marginal costs to assure optimum resource allocation. In 


the discriminating case where final prices can vary between markets, 
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it can only be some concept of weighted average price or average revenue 
generated over all markets which is set off against marginal costs. 

This implies necessarily that prices in one or more markets must be 
above marginal cost, and prices in one or more other markets must be 

at levels below marginal cost. Moreover, if marginal costs per unit 

are not greatly different from average costs per unit, prices in one or 
more markets could conceivably reach levels below average costs. This 
result has numerous important ramifications for regulatory purposes. 

In addition, since the discriminating monopolist can generally reach a 
higher level of total and of average revenue at any scale of total 
production, it follows that the ultimate scale of production that will 
lead to eventual excess profit elimination under a regulatory profit 
constraint will be somewhat higher than in the case where uniform pric- 
ing is also imposed. Again this result holds certain ramifications to 
be noted later from the point of view of final regulatory objectives. 
3.42. Some possible implications of the first result are the following: 
Where price discrimination is permitted under regulation, it is difficult 
for the regulatory body, for the public, for quasi-competitors and for 
potentially disadvantaged users in other markets to determine when, or 
at what point, or by how much the pniwe in the more elastic markets 
might conceivably be set below costs--marginal, average, or both. 

Where the particular service, product, region or class of user is 
vulnerable to potential competition from other regulated or unregulated 
firms, the monopolist who is able to use price discrimination selectively 
holds a powerful weapon for defending existing markets or encroaching on 


new ones. This can be done by recouping any marginal losses sustained 
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in the vulnerable classes of business by raising prices at no great 
volume or revenue loss in the less elastic markets characterized by a 
higher value of service. Prices to users in these less elastic markets 
would now have to be set even higher above marginal or average costs. 
The condition of prices above long-term marginal costs now implies a 
misuse of inputs or resources in these markets and a clear indication 
that natural or franchised monopoly power is being used to exploit a 
relatively inelastic demand; and this remains the case whether or not 
the monopoly is operating under a regulated profit constraint. 

3.43. It is true that the existence of a profit constraint may weaken 
the incentive to maximize (monopoly) profits, but it will not necessarily 
weaken secondary incentives of regulated enterprises. The power to 
extract marginal monopoly profits in the less elastic markets remains 

as a useful tool to absorb either non-productive or unavoidable cost 
increases so as to minimize adverse publicity attaching to any necessary 
requests for overall rate increases. It is also a useful tool for the 
purpose of maximizing sales volume or sales revenue as secondary manage- 
ment objectives within the limits of a regulated rate of return on 
invested capital. 

3.44. Consider now the other result mentioned earlier, namely the 
possibility that the profit-constrained regulated monopoly using price 
discrimination could move to a total scale of output in excess of the 
competitive optimum. This would be the case where the discriminating 
monopolist elects to expand overall output by means of pricing below 
marginal cost in some markets provided that at least one price is in 


excess of average cost by enough to generate the allowable level of 
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profits. While this need not necessarily be the most efficient set of 
discriminatory prices from the standpoint of maximizing monopoly profits, 
since the monopolist is limited on profits in any event, management may 
be satisfied to concentrate the effects on overall growth of sales 
revenue or output. In this event, total monopoly output in the presence 
of a regulated profit constraint and an interest in sales revenue 
maximization could exceed the competitive equivalent of optimum size or 
scale in the use of community inputs. 

3.45. The general effects of monopoly overproduction in this way is to 
concentrate the overproduction and consumer benefits of price reductions 
in the more elastic markets while constricting sales and reducing 
consumer's surplus in the less elastic markets. Pricing practices below 
marginal and/or average costs in the more elastic markets may also give 
rise to elements of destructive competition in these markets vis-&-vis 
actual or potential new entrants. At the same time, an overlavish use 
of resources will take place in such markets on a scale which cannot be 
supported by the prices charged in these markets. Expansion of output 
by reason of pricing below marginal cost is supportable only in the face 
of clear evidence of external economies accruing at the margin. Even 

in this case such economies could accrue through the expansion of output 
by competitors, or through monopoly expansion in other markets where 
prices may exceed marginal costs. 

3.46. In practice, then, it is evident that single-minded regulatory 
concentration on monopoly profit elimination via a permissive rate of 
return on investment is not by itself sufficient to assure efficiency 


of resource use; nor to achieve any particular public policy notion as 
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to what may constitute equitable treatment in the redistribution of 
income and output benefits between various classes of utility users; 
nor to assure equitable treatment of actual or potential unregulated 
competitive suppliers. The use of a profit constraint only may itself 
turn monopoly management to the pursuit of other secondary objectives. 
The effectsof these actions must also be monitored. In particular, 
the regulatory responsibility should provide positive guidance and 
supervision to the construction of the rate structure, i.e., permissive 
prices for various classes of user and of market demand. The allowable 
extent of market or customer differentiation must first of all be 
determined carefully, bearing in mind that demand elasticities between 
services, market areas or user classes may differ perceptibly for 
reasons having nothing to do with the franchising of a monopoly supplier, 
but also for artificial reasons created by the monopoly and sanctioned 
by regulators, e.g., exclusion of competitors, prohibitions against 
attachments or joint use of monopoly facilities. As a first approxi- 
mation, permissive prices in particular markets should be related gen- 
erally to anticipated long-term costs in those markets and particularly 
long-term marginal costs. As long as the emphasis is placed on longer- 
term costs, as it should be, then the importance of drawing fine distinc- 
tions between marginal and average costs per unit is scaled down. 
Estimates of marginal costs based on sustained additions to output 
along particular lines will then also include, as they should, some 
allocation of necessary system costs that must at some stage become 
implanted as overheads. Whilst historical cost separations and cost 


levels may have limited value by themselves to future pricing, they can 
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certainly be helpful in extrapolating probable future cost relationships. 
3.47. A broader regulatory surveillance of the relationship of particu- 
lar prices in the rate structure to longer-term marginal cost conditions 
associated with these prices is bound to assure a greater concern for 
the efficiency of resource use, and for equity in the effects on 
different classes of utility user and potential utility competitor. It 
provides little guidance however concerning the extent to which regulated 
pricing»should accede: to the principle of price,differentiation based 

on differences in the value of service or elasticities of demand. 

3.48. As alfullysgeneralopropositiongaitiisedizriculs, tommaker aagcasce 
for the exploitation of differential demand elasticities via price dis- 
crimination. To begin with, and regardless of the consumer gains and 
losses resulting in different markets, the manipulation of these gains 
and losses by suppliers is only possible under conditions of imperfect 
competition. In the competitive world, rightly or wrongly, consumers 
are able to acquire their goods at something approaching long-run 
marginal costs--and this is so even in the case of a relatively inelastic 
aggregate demand facing the industry as a whole. 

3.49. Secondly, where prices are pushed up in one market and reduced 

in another, it is clear that consumer welfare or consumer surplus has 
been reduced in the former and increased in the latter relative to the 
marginal relationship. But it is not possible to say whether consumers 
in the first market are less deserving in some sense than the other 
group, or that the need for the service or product on the part of 
individuals in the first group is in some sense inherently greater or 


more urgent than within another group, or indeed that the distribution 
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of consumer surplus and output between the two groups was fair and 
reasonable in the first place. As noted earlier, there are many reasons 
why a change in the quantity of an article or service demanded by a 
particular consumer unit will be more or less responsive to a change in 
price. In some cases, the value of service may be high simply because 
the utility service is used as an intermediate good in the production 

of other goods and services for a living. As such, the demand for, say, 
basic telephone service by business users may have a relatively low 
elasticity. Such a market would undoubtedly sustain substantial increases 
in rates without much fall-out of subscribers. By the same token, 
revenues to the telephone utility might be well sustained--or might even 
rise. But the costs of doing business would have risen for all sub- 
scribers. For some kinds of utility services, the effects might have 
serious repercussions on marginal firms, or on the international compet- 
itiveness of Canadian business for instance. In other cases, demand for 
particular services may appear relatively elastic simply because the 
item or service is more of a luxury or dispensable, or substitutable 
against less elaborate items. Or again, the demand for even a basic 
item or service may appear relatively elastic simply because of substan- 
tial income differences and ability to pay within the same class of 
customer. If prices are high, some users will have to cut out, or will 
enter the market in increasing numbers as prices come down. Who then 

is to say how important income, business requirements, emergency needs, 
product substitutability and the like are to be in rationing the product 
of the regulated monopoly? 


3.50. To the extent that competitive costs of production are not 


86. 
permitted to enter the rationing mechanism of price, then a decision as 
to what other elements are to enter into administered prices, and there- 
fore the rationing of output, is surely an initiative that ought not to 
be left solely in the hands of a private management group. Inter- 
personal and inter-group transfers of consumer and producer welfare are 
involved to the extent that administered prices diverge from the neces- 
sary costs of all inputs required in the production of the item in 
question. The probable incidence and extent of such transfers where 
permitted, and the rationale underlying them, is surely a matter for a 
legislative body to spell out. Such transfers between user groups 
represent the extent of cross-subsidization within the system. If they 
are to be justified on grounds of income differences, social policy, 
business development or whatever else, then the legislative arm of the 
regulatory process is surely the place where such judgments should be 
articulated. This is so since a system of administered prices can 
readily be utilized and has the same effects as a sub-system of indirect 
taxation and subsidization between groups of users and between users 
and producers operating within the structure of administered prices. 

As such, discriminatory pricing based on value of service or other non- 
cost considerations should place an onus on legislators to justify the 


assumptions on which such practices are based. 


Problems of Costing, Depreciation and Joint Cost Separations 


3.51. Problems of costing and cost separations have received much 


attention in the testimony and hearings before various regulatory 
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commissions, and to some extent in the legal and economic literature 
dealing with regulatory matters. Historically, the main emphasis on 
costing for regulatory purposes has revolved around questions of proper 
total cost estimates for profit determinations, and the construction of 
an approved rate base or its equivalent upon which a permissive rate of 
return might be calculated. For this purpose, attention has been 
focused on the appropriate handling of depreciation or allocation of 
fixed costs over time, and appropriate procedures for adjusting finan- 
cial requirements to meet price level changes implanted in the cost of 
replacing fixed assets. Little attention has been devoted to questions 
of joint cost allocations to various product or service lines. Thus the 
emphasis has been mainly on protection of the user public as a whole 
from the excesses of monopoly profit-taking. 

3.52. But regulatory practice has been noticeably slack over the years 
about limiting the scope of regulated utilities to their franchised 
lines of activity. This has given rise to the spectre of regulated 

and unregulated activities being carried on increasingly within the 

same corporate structure, or by means of corporate affiliates which 

may or may not be dealing at arm's length with the parent. More recently, 
with the growth and diversification of business generally, the regulated 
firms themselves have been subject to increasing competitive pressures 
and encroachment. In the Canadian telecommunications industry, all of 
these tendencies have been noted. Many firms have acted, and many 
investments have been made, prior to any clearcut policy being enunci- 
ated concerning the authorized bounds of regulated activity, or of 


activity by a regulated firm. 
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3.53. In short, the result has been increasing interventions by 
aggrieved user and business groups. Each is concerned about price and 
costing, practicessin relation stosparticulanaservacesporlactivitiessor 
interestoto ithe seroup joelt sis 'thisekind tof (coneernjexpressedsbyavarious 
separate segments of the public, more than anything else, which has and 
will continue to force the hand of regulation to a greater concern for 
separate product and service costing, and the enunciation of an objec- 
tive rationale upon which particular prices are based. The regulatory 
process elsewhere, and now increasingly in Canada, has been virtually 
forced into a requirement of separate product or service costing by the 
frictions created as a result of increased vertical and horizontal 
integration on the part of the telecommunications common carriers. In 
the United States, for instance, elaborate cost separations between 
plant devoted to long-distance transmission falling under federal juris- 
diction and that devoted to intra-state traffic under state regulation 
has added to the costing requirements. The significant point to be 
made here however is that the increasing emphasis on product costing 
and joint cost separations has not sprung from the older direct concern 
with profitability, but rather in connection with equity considerations, 
with "fair'' pricing to particular usér or competitive supplier groups. 
3.54. While all of these developments have been proceeding as a prac- 
tical matter, the more theoretical literature of finance, accounting 
and economics has tended to concentrate on the possible effects of 
pricing under imperfect competition on the efficiency of resource utili- 
zation, the distribution of consumer benefits, technical innovation, 


economies of scale, and so on. Accordingly, the emphasis has been on 
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relationships between market demand, administered prices, average unit 
costs, and marginal costs and revenue. Among other things, such an 
emphasis has suffered in its practicality because of the relatively 
elaborate and costly requirements for adequate market testing and cost 
studies. For reasons mentioned earlier, it is now the case that exten- 
sive cost studies are being required for regulatory purposes in any 
event. The real issue now is the form such studies should take, and the 
uses to which they should be put. 

3.55. As matters stand at the moment, joint cost analysis submitted 
for regulatory purposes is carried out on a sporadic and ad hoc basis-- 
and often in response to a specific challenge or intervention. As in 
the earlier tradition, such cost studies tend still to be rooted in 
historic costs and past relationships. Much time and energy are spent 
in a separation of direct and overhead costs, and in a further "reason- 
able" allocation of joint overheads to the particular classes of 
service ormarkets in question. 

3.56. This approach has often been roundly criticized by economists 
and others who are prone to argue that the size and structure of past 
cost commitments may have to be recognized in current revenue require- 
ments to satisfy utility investors, but that they are of little value 
for purposes of establishing guidelines to management or regulators 
concerning pricing for optimum use of resources in terms of product 
mix, total scale of operation or the distribution of consumer welfare. 
The argument instead is to try to provide the kind of monopoly regula- 
tion which will not only attempt to simulate the results of the perfectly 


competitive system in terms of profit-taking alone, but also in terms of 
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the pattern and. sizeof total youtput (ive, effiietencyein=theruseror 
resources), and in terms of prices charged to consumers for that 
particular pattern and size of output (i.e., maximization of consumer 
benefits). As pointed out earlier, this more ambitious approach places 
a lot of emphasis in a variety of ways on the relationship of demand 
prices to marginal costs--and to a lesser extent to average costs per 
unit. The emphasis in this approach is on present and future cost- 
price relationships, and on rates of change of costs and revenues eval- 
uated at the margin of present production. 

3.57. In practical terms, the two approaches are not now so far apart 
as once seemed to be the case. The fact that the traditional historic 
cost approach to regulation has had to move already well down the road 
of separated product costing and joint cost separations can provide a 
useful base for the future. It should now be possible to recast much 
of the information pertaining to past cost relationships into a form 
that can provide useful estimates of simulated cost relationships likely 
to hold in the future. Nor is it the case that joint cost separations 
of historic sunk costs or overheads by product classes have no relevance 
to estimates of marginal cost which are useful for pricing and other 
decisions. This point leads to a further one which needs to be made 
with some emphasis. 

3.58. Proponents of marginal costing as a guide to pricing and other 
management decisions may fail to make explicit the line to be drawn 
between long-run and short-run total costs--or in essence the extent to 
which short-run or cross-sectional fixed costs are considered to be 


variable in the longer run. It makes a great difference to any result 
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result if the implanted overheads of the system taken at any point in 
time are excluded from calculations of incremental costs attaching to 
this or that product or service at the margin. For instance, compen- 
satory pricing decisions, or regulatory decisions concerning the feasi- 
bility of new entrants or private-system competition, will all be 
poLected by, thesuse-ofea particular, concept sof marginal rcost.) «This 
choice in turn depends on a basic prior decision as to just which users 
in the system, or conceivably in society as a whole, should be expected 
ultimately to meet the costs of the physical resources and inputs which 
must, by the nature of current technology, become implanted at some 
stage as fixed overheads in the utility system. 

3.59. It is argued here that the extensive exclusion of long-term 
variable costs (short-term fixed costs) from any concept of incremental 
cost has a number of serious shortcomings. It could mean, for instance, 
that the regulated utility would appear to provide efficiency and cost 
advantages in the provision of particular new or additional services 
over other regulated or non-regulated provisioners. The argument of a 
particular enterprise that it already has fixed facilities available 
for other purposes, and that these can readily be utilized more fully 
in some additional direction at low added variable cost, is not a con- 
vincing argument from the standpoint of ultimate efficiency in the use 
of resources. This is so because the (apparently excessive) bundle of 
resources later representing underutilized fixed overhead facilities 
was at one time purchased away from other alternative uses. The initial 
(marginal) opportunity cost of these resources, if the investment was 


justified at all, must surely be such that users of final services 
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produced with the aid of the fixed resources are willing to pay prices 
for those services over time which will justify the initial commitment 
to overhead--and prices by the same token which would justify further 
lumpy replacement of comparable overheads from time to time as technol- 
ogy may demand. 

3.60. In short, the price for additional or new services undertaken 
should be such as to sustain that flow of service over the long-run if 
indeed the addition of that service is justified at all on anything but 
an explicitly terminable basis. A price or rate for a service to be 
offered permanently cannot therefore be said to be compensatory and 
optimum in the sense of drawing forth efficient resource utilization 
unless that price is at least sufficient to meet the long-term incre- 
mental costs of providing the service on a sustainable basis. In the 
case of a decreasing (unit) cost industry, this price may be slightly 
below the average unit cost at the margin, but only by reason of tech- 
nological scale factors or external economies, and not for reasons of 
neglecting to include elements of fixed costs which must ultimately be 
renewed. 

3.61. If now it is accepted that the long-run marginal cost is the 
relevant concept, then some separation of variable long-run joint 
capital and administrative costs (short-term joint overheads) becomes 
necessary if long-run incremental costing is to take place by product 
or service class. It is here that much of the by-product information 
from past historic cost separations can be useful. The accounting and 
financial data based on actual experience of the past can now be 


coupled with a reconciliation of engineering data concerning the 
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technical capability and substitutability of common plant useful in a 
variety of ways. From here it should be possible to construct estimates 
in advance of the short- and long-run marginal (or average) costs likely 
to be encountered in expansions or new undertakings in any direction. 
This is the kind of information that can prove useful for regulatory 
purposes in a variety of ways, e.g., evaluation of discriminatory pric- 
ing, unfair competition, new franchise extensions, new entry or private 
system cost comparisons. 
3.62. Some mention should also be made of the practicality of seeking 
out marginal changes in costs and revenues rather than averaged concepts. 
Admittedly these distinctions can be important in theory. There is some 
doubt however about their quantitative importance in practice once it is 
recognized that the important cost concepts for most purposes are the 
long-run or permanent costs of providing a service, or additional 
amounts of a service, on a sustainable basis. This is only to say that 
the costs of providing or of replacing and sustaining fixed plant, 
research and development and administrative and other staff function 
overheads must be figured into any meaningful concept of incremental 
costs or, for that matter, average unit costs at any particular new 
level of output. In short, the conceptual and quantitative differences 
between average unit costs and incremental costs are narrowed in any 
event as long as one is concerned only with sustained costs and sustain- 
able output. This is not to say that long-run marginal or average 
costs must appear nearly constant, or must only be gradually rising or 
fastinowwith=increasedototal scalevofsoutput.° Ittis only»to say! that 


whatever the internally and externally influenced scale characteristics 
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of costs may be for the enterprise, unit average and marginal costs 
will not be greatly different in terms of long-run adjustments to cur- 
rent levels of output. Systematic adjustments to approved accounting 
estimates of actual long-run average costs separated by classes of 
service or activity should therefore yield useful first approximations 
to incremental costs. 

3.63. To the objection that past costs and cost separations are not 
necessarily relevant to present decisions based on future cost expecta- 
tions, one can only remark that there is nothing inviolate about past 
cost information, but merely that such information provides a useful 
base of relationships from which explicit adjustments can be made for 
stated purposes. 

3.64. It bears repeating that rates or prices which are established 

on the basis of short-term marginal or average variable costs pose a 
number of serious implications to the pattern of consumer benefits 
generated by the utility operation over time. This is so to the extent 
that such prices fail to give full recognition to the ultimate overhead 
requirements (not necessarily the same as past overheads) necessary for 
the sustained offer of the service. For instance, the impact of over- 
all cost-reducing technological advances might certainly alter the 
proportions of short-term variable to fixed costs. The extent to which 
the benefits of cost reduction are passed along to particular classes 
of user will then depend on the concepts of cost to which the adminis- 
tered price is related. In the case of prices related more to value 

of service, the benefits of cost reductions may not be passed along at 


all to certain classes of user, but concentrated instead on price 
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reductions in the more competitive markets on the fringe of regulatory 
protection. 

3.65. Moreover, it is sometimes argued that additional new or quasi- 
competitive services can be offered at something approaching additional 
variable costs only, on the grounds that basic system design and instal- 
lations are and must be available for other purposes in any event. The 
implicit presumption in this case however is that certain necessary 
fixed costs were once and must always be associated with some kind of 
original or basic primordial service or user; and that this class of 
service and user should continue to bear a disproportionate share in 

the ongoing sustenance and replacement of indivisible inputs (short- 
term fixed commitments). This is tantamount to saying that the user 

of a basic telephone connection should not necessarily expect to receive 
subsequent benefits of overall cost reductions due to increased system 
size and loading or new technology resulting partly from the development 
of new services and uses, population growth, increased commercial use 
and so on. Whatever the presumption made, it should be stated explicitly, 
and it should be made by the legislative arm of the regulatory authority 


and not by the industry itself. 
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INDUSTRY PERFORMANCE AND REGULATORY ISSUES: REVIEW AND RECOMMENDATIONS 


Industry Structure and the Bounds of Regulation 


4.1. Because the public interest is a many-sided matter, the regulation 
of a franchised monopoly in the full public interest is a complex task 
even in the simplest case of one enterprise producing a homogeneous line 
of products or services. Such is the case because the full public 
interest is by no means attained automatically by simply maintaining a 
profit limitation on the enterprise. The public interest also calls for 
an assurance of adequate service; the most efficient cost mix; adequate 
technical innovation; equity in the treatment of customer, supplier and 
other business groups; and a scale of output which does not fall far 
long or short of optimum utilization of the communities' resources. In 
addition, various non-economic performance objectives may be imposed on 
the regulated enterprise by governments from time to time. It is the 
position taken here that the legislative and administrative regulatory 
processes in Canada should indeed concern themselves more broadly and 
consistently than in the past with the entire range of performance 
standards and its attainment rather than with profit control alone. 

4.2. The structure of the Canadian telecommunications industry is by 

no means the simplest case of a single homogeneous monopoly which need 
only attract regulatory surveillance on a narrow front. Instead, by 
regulatory design or default in the past, several of the largest trans- 
mission companies are backward integrated into manufacturing, or forward 


integrated into the computer services market and the cable television 
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market. In addition, the two long-distance transcontinental carrier 
systems are gradually developing into a duopoly structure as their 
service offerings and capabilities move closer together. Whatever the 
reasons for these developments in the past, they have now greatly com- 
plicated the task of adequate public surveillance in the interests of 
users and of efficient and equitable industry development in the future. 
As noted earlier, market power of a franchised monopoly can readily be 
extended in various ways into all phases of the enterprise or affiliated 
operations--including those which may appear quite incidental to the 
central core of franchised activities. It is this possibility which 
will continue to give rise to allegations of unfair and discriminatory 
action by aggrieved user and competing interests. 
4.3. For these reasons, vertical integration of the franchised opera- 
tion, whether by separate corporate entity or not, is to be avoided 
wherever possible in the case of regulated monopolistic industry. It 
follows that any proposed extension of services or activities on the 
part of a regulated firm should only be permitted after careful examin- 
ation of efficiency and equity factors by the regulatory authorities 
prior to any industry action being taken. Failure to make such a prior 
determination will only complicate the task of subsequent regulation. 
4.4. Moreover, where the activities of a monopoly firm or its affiliates 
are not confined to its own protected markets, then the bounds of contin- 
uing regulatory inquiry should also be extended so as to include pricing 
and business practices in these auxiliary activities. If this is not 
done, then the possibilities of cross-subsidization between users within 


the extended system as a whole will often go uncontrolled. The same 
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could be said of various forms of predatory or discriminatory business 
practices; or of indirect transfers of utility revenues to affiliated 


firms via inter-corporate private price arrangements. 


Backward Integration of Telecommunications Companies to Manufacturers 


4.5. In the case of the Bell-Northern Electric relationship, the over- 
riding balance of whatever assured market and developmental advantages 
there may have been in the past must surely be diminishing as time goes 
on. In the meantime, the inherent threat to the public interest of a 
relatively closed commercial relationship between the regulated and 
unregulated remains. If it does not seem reasonable to cut Northern 
loose from dominant ownership by Bell, then the present relationship 
will and should continue to attract regulatory attention. As part of 
this regulatory effort, a thorough investigation should be undertaken 
of the probable viability of Northern Electric to function successfully 
on its own in Canadian and foreign markets. In the event of a doubtful 
determination, it is recommended at the very least that the commercial 
relationship between Bell Canada and Northern be opened up selectively 
and in stages to other Canadian manufacturers. This should provide a 
useful trial period, under regulatory supervision, for new tender and 
contract negotiation arrangements covering supply and customized devel- 
opment work on the part of Bell. Northern would still be free to seek 
out this business or to develop more fully along other lines. 

4.6. The inter-corporate supply relationships from Automatic Electric 


and Lenkurt Electric to British Columbia Telephone and Quebec Telephone 
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arise indirectly because of their ultimate common parent, General 
Telephone and Electronics Corporation. The research and developmental 
advantages to these two associated telephone companies would seem to 
be less than those accruing to Bell Canada in its relationship to 
Northern Electric. A policy of gradually opening up these telephone 
companies' markets to other Canadian manufacturers could be supervised 
at the outset in the same manner as suggested for Bell. In an investi- 
gation of this possibility, the regulatory authorities must take account 
of the possibility that loosening up the captive market relationship in 
either inter-corporate system, Bell or B.C. Telephone, might impair the 
viability of affiliated suppliers. Again, this should be a case for 


legislative determination in the overall regulation of the industry. 


Forward Integration of Telecommunications Companies to Computer Services 


and Cable Television 


4.7. In the case of the CN-CP -Computer Sciences Canada relationship, 
this relationship once again constitutes an intrusion of a regulated 
common carrier into an established customer market. As such, it repre- 
sents a further serious lapse from an optimum type of regulated industry 
structure. The disadvantages it presents for public policy urge a 
searching public review of this penetration into an otherwise unregulated 
area of business and customer markets. A careful exploration should be 
undertaken of the desirability in the public interest of the sale by 
CN-CP of Computer Sciences Canada. If it were concluded that the rela- 
tionship should be allowed to persist, it should be made perfectly clear 


that it is a lone exception and as such must be subject to continuing 
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regulatory supervision with respect to open and compensatory pricing, 
customer and service’priorities, and business development practices. 

Thus the bounds of regulatory surveillance must be extended in the 
interests of other classes of carrier user and of rival computing service 
firms although there would remain a clear preference for the extension 

of regulation to apply solely to that one computer services firm. The 
extension of CN-CP Telecommunications into the field of customized data 
services seems difficult to justify on grounds other than general 
business development and the promotion of (captive) transmission business 
in an urgent effort to achieve greater utilization of existing mainline 
transmission capacity. It seems clear that the existing CN-CP capacity 
might well be adapted with minimum adjustment to the provision of low- 
speed and high-speed digital and broadband data transmission services 

for business users particularly--a development that should proceed 
successfully without any necessity for CN-CP to be directly or indirectly 
involved in a data service subsidiary. This will require an innovative 
fusing of technical developments and new market uses which could lead to 
substantial business development for whatever carrier is best able to 
meet the challenge. 

4.8. The role of wired television operations in Canada's major cities 
has not yet stabilized fully in terms of the ultimate broadcast and 
closed-circuit content options available to households. For this reason, 
the direction of current policy prescriptions for the future should 
Fenainsf lexible’ to.allow for the possibility,of, quite striking, tech- 
nological innovation in the fields of one-way selective or possibly two- 


way selective broadband transmission in the hands of the ultimate user. 
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With technological improvements and, possibly, the installation of high- 
capacity cable in advance, consumers should face the prospect of several 
options with respect to the particular set of programme packages he 
selects, quite conceivably at price differentials which reflect programme 
content and cost differentials. The direction of these developments in 
the future may indicate a shift in the long-run cost advantages of any 
particular pattern of ownership and control of cable and other outside 
plant. 
4.9. On the basis of present modes of operation, however, there is no 
compelling reason to exclude private independent business groups from 
holding an exclusive franchise for programming, and also for owning or 
leasing outside plant and connections necessary for pick-up and trans- 
mission. This is subject to the provision that any such private monop- 
olist, public carrier or otherwise, should be subject to adequate regula- 
tion of rates, charges and standards and conditions of service since the 
user has no alternative source of supply, including the single set of 
programme alternatives offered by cable. On the other hand, there can 
be no objection in principle to an established (nonintegrated) public 
transmission company providing the outside plant and connections under 
regulatory supervision for lease to an operator. As noted earlier in 
paragraph 2.18, there is an objection in principle in the case of a 
public carrier which is backward integrated into cable and equipment 
manufacturing for instance. Regulatory supervision must assure that 
the related cable and equipment markets become more open to independent 
manufacturers, as was proposed in paragraph 4.5. Whatever the preferred 


system of the future, it should depend on whatever arrangement is best 
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able to offer the widest variety of service options at low cost. It 
may or may not be the case that the public transmission specialists will 
have a natural advantage here, but this will depend largely on the nature 
of new attachment and equipment advances in the future. In order to safe- 
guard the public interest in being able to realize the full potential of 
future technical advance, it is important to have regulation maintain 
current developments in as flexible a manner as possible so as to keep 
available some real choice. 
4.10. Whatever the arrangement in the meantime, there is a strong case 
for overriding regulatory supervision with respect to both transmission 
services and programme services (original or re-broadcast) in that they 
are both monopolistic. This should include, with more forceful applica- 
tion than in the past, rentals to final customers, and charges and condi- 
tions of use and attachment in the case of existing communications 
carriers installing or leasing network facilities to cable television 
operators. Under the present circumstances of exclusive territorial 
franchises being granted by the CRTC, the grant of a particular monopoly 
operation within an urban area should carry with it an assurance of user 
protection with respect to rates, standards of technical service, and 
programme content and service. It is already clear that a substantial 
degree of cross-subsidization of rates from users in large urban centres 
to those in smaller cities is contemplated where some broadcast signals 
must first be picked up and relayed by microwave before going to cable. 
Both the principle and the degree of such cross-subsidization ought 
properly to be a matter for political determination in the regulatory 


process. Because of the monopoly grant and the prospects of cross- 
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subsidization, it is recommended that such comprehensive supervision be 


conducted by the CRTC on a continuing basis. 


Price Discriminationvand the RatesStructure 


4.11. As noted elsewhere in this report, it is not possible to render 
an unequivocal theoretical prescription against elements of regulated 
monopoly price discrimination in every set of circumstances. This is 
so by reason of the ultimate impossibility of measuring the trade-off 
between losses in aggregate consumer welfare resulting from relatively 
high prices in one market, and gains in aggregate consumer welfare 
resulting from relatively low prices for essentially the same product 
or service in another market. 

4.12. It is certainly possible however to underscore once more the 
varied and serious abuses to which price discrimination not related to 
costs, and widespread adherence to the value of service principle, can 
lead in practice. These have been enumerated elsewhere as: arbitrary 
deviations from the competitive norm in the distribution of prices and 
consumer welfare between various classes of user by means of cross- 
subsidization; a virtual assurance in the case of profit-regulated 
monopoly that some classes of service will have to be offered below any 
particular concept of unit cost if others are priced above that same 
definition of costs; access to non-compensatory (predatory) pricing 
practices in those classes of activity most vulnerable to competition 
from other regulated or unregulated existing or potential systems. 


Each of these main possibilities can lead to a long series of controversies 
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over both questions of inter-group equity and of ultimate efficiency 
in the use of the nation's resources. 
4.13. At the same time, there may be circumstances under controlled 
conditions where some apparent price discrimination can be useful in 
efforts to achieve more uniform loading of the system, and hence lower 
unit costs throughout. There is also the decreasing unit cost case 
where marginal cost may everywhere be less than average cost, but where 
a revenue requirement of full cost recovery is imposed by regulation. 
In this case, second-best consumer welfare and resource use would be 
least disturbed from the optimum competitive norm by upward price adjust- 
ments from marginal cost which are proportionately greater in the less 
elastic markets than in those of higher demand elasticity. But these 
are all circumstances of considerable technical complexity in terms of 
cost and market data ordinarily available to management or regulators. 
They can hardly be thought of as justifying widespread license for the 
use of price discrimination under anything but the closest of regulatory 
supervision in the public interest. 
4.14. In addition to the above circumstances however, there may also 
be times when the legislative arm of industry regulation may wish to 
authorize, impose or sanction price discrimination or cross-subsidiza- 
tion between classes of utility user as part of its omnipotent taxing 
authority. Particularly in the case of public ownership of utilities, 
there is frequently a noticeable disposition to use the utility rate 
structure as an indirect arm or extension of government policy involving 
a redistribution of benefits by means of indirect taxation and subsidi- 


zation between users. Or in other circumstances, it may be the case 
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that the industry has been put to considerable private costs by govern- 
ment in the pursuit of certain non-commercial national objectives. If 
these costs are to be recovered through customer rates, the possibilities 
of price discrimination provide wide latitude for concentrating the 
incidence of cost recovery on certain classes of user. 
4.15. With regard to these latter possibilities, one can only say that 
the initiative for such pricing decisions ought not to rest either with 
the industry or an appointed Commission; and that direction or sanction 
for any such prices should come explicitly from the legislative arm of 
regulation. 
4.16. It is for all of these reasons then that the general recommenda- 
tion here favors rate-making principles which adhere as closely as is 
practicable to cost of service rather than value of service considera- 
tions, and such that substantial deviations from this general philosophy 
should require that explicit direction and justification on the part of 
the legislative or policy authority be part of the overall process of 


industry surveillance. 


Industry Performance and Objectives 


4.17. Any statement of identifiable industry objectives and standards 
of performance must spring from a prior concensus concerning the nature 
of the full public interest in the Canadian telecommunications industry. 
The main facets of this public interest were identified earlier with 
respect to purely economic matters: elimination of monopoly rent or 


profits such that any cost advantages of natural monopoly structure 
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would be reflected instead as lower prices and greater outputs to the 
public; assurance of adequate standards and extension of service to 
final and intermediate users of telecommunication services; achievement 
of the most efficient cost mix in production; assurance of adequate 
technical innovation leading to cost reduction, improved service or new 
products or services; equity in the treatment of customer groups and 
supplier or competing business groups; a size of industry operation in 
total which is optimum in the sense of maintaining long-run viability 
whilst buying and selling at generally competitive prices. 

4.18. Once agreed upon, these performance objectives in the public 
interest are sufficiently stable over time that they can be translated 
by legislative directive into concrete industry standards of performance. 
These standards can then be administered in detail by a quasi-autonomous 
regulatory board. The important ingredient so often lacking however is 
this legislative directive setting out clear expectations and terms of 
reference as a guide to the administrative body. 

4.19. In addition to the purely economic elements of the public interest 
mentioned above, certain other politico-economic objectives may be 
defined for the industry from time to time by government. Common 
examples in Canada might include such things as building or maintaining 
an industrial capability in production or research for, say, defence 
purposes, science support, national prestige programmes and the like; 

or an objective of preponderant Canadian ownership and control might be 
superimposed on all of the foregoing. The pursuit of these kinds of 
objectives by means of public policy will not always be sufficiently 


stable or consistent to permit a spelling out of permanent guidelines 


LO 
to an administrative board. Yet it is critically important that the 
decisions and directives of quasi-judicial administrative boards do not 
become completely estranged from the general thrust of legislative 
policy. It is in this area of public policy*where considerable strength- 
ening is required in the permanent machinery of liaison connecting 
legislative intent and stated government policy to the regulatory 


emphasis and practice of administrative boards. 


Regulatory Framework 


4.20. In the case of the first group of purely economic performance 
objectives, it is recommended that new legislation be brought before 
parliament which would encompass all aspects of federal responsibility 
in the field of telecommunications. This legislation should provide 
for the establishment of a quasi-autonomous Commission outside of the 
existing civil service establishment and responsible to parliament 
through the present Department of Communications. Or such a body could 
be incorporated as a special section within the present C.R.T.C. which 
would maintain its present jurisdiction over broadcasting. The new 
Telecommunications Act should set out the general powers and responsi- 
bilities of the Commission in such terms as will clearly provide a 
mandate to inquire into, direct and supervise the attainment of industry 
objectives and performance as set out above. In particular, it is 
important that this mandate extend and be exercised over more general 
performance criteria than profit limitation or a general level of rate 


structure designed (simply to eftecteproli es limitation, othatiisseic 
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should include powers to influence the rate and direction of capital 
investment in the federal carriers; to pass in advance on questions of 
new entrants to the industry or new activities on the part of existing 
firms; to influence the timing of, and preferred means of financing, 
the introduction of technology; to monitor business practices, commercial 
relations and the technical requirements for interfacing between various 
segments of the industry. 

4.21. In addition to a specification of these broad responsibilities, 
the regulatory Commission should be given concrete initial guidance 
concerning the general nature of the rate-making principles to be 
followed over the long pull. It is recommended that the basic general 
philosophy underlying the establishment of any approved rate or rate 
differential be that of the cost of the service; and that the concept 

of cost to be applied be as near as is practicable to one of long-term 
marginal cost, having regard however to ongoing revenue requirements 
partly conditioned by cost commitments in the past. Deviations from 
this general principle of price uniformity except by reason of cost 
differentials should be permissible at the discretion of the Commission 
for certain general categories of reasons or class of user. The permis- 
sible classes of exception should be specified in the governing legisla- 
tion or amendments thereto or in cabinet orders-in-council issued from 
time to time. 

4.22. The directives to the Commission should require it to identify 

in every ruling involving an exception to a standard cost-related price, 
the reason and estimated extent of approved deviation from the standard 


applied elsewhere in the system. The purpose of the latter requirement 
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is not necessarily one of discouraging rate-making variations from the 
general standard, but rather one of providing legislators and segments 
of the public with a broad cumulative picture of rate incidence where 
elements of cross-subsidization have been authorized within the system. 
Moreover, the standard costs used for rate-making purposes can also be 
adjusted to reflect elements of any official cost subsidization which 
may take place from time to time by the tax-paying public as a matter 
of explicit government action and policy. As noted elsewhere, it is an 
important aspect of broad regulatory policy that the government makes 
clear the extent to which any industry costs resulting from national 
policy directives are to be met via user charges as opposed to direct 
government contributions. 

4.23. Emphasis was laid earlier on the need for closer and more contin- 
uous liaison between the legislative aspects of industry regulation and 
the administrative and quasi-judicial aspects. This will continue to be 
particularly important in the case of the telecommunications industry in 
Canada because of the pace of new technology and new applications on a 
wide front; and because of frequent involvement of the national interest 
in non-commercial public policy objectives. It is recommended therefore 
that some kind of permanent administrative policy board be established 
within the civil service establishment and centred mainly around the 
Department of Communications. The statutory make-up of such a National 
Telecommunications Board should consist of the Minister as ex officio 
member, a full-time Director or Chairman of the Board who should be of 
deputy ministerial level within the Department, and several senior 


officials from the Department of Communications and other departments 
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concerned with various aspects of the industry. 
4.24. The principal responsibility of this policy board in a word 
would be policy articulation, that is, a responsibility to see that 
longer-term policy issues confronting any segment of the industry are 
brought before and processed by parliament or by the appropriate legis- 
lative committees, or by the cabinet, or by the Minister as the case 
may be. It would be the principal task of the full-time Director or 
Chairman to anticipate such major policy issues by means of open hear- 
ings and discussion with industry representatives, and by monitoring 
the cumulative impact of all hearings and rulings issuing from the 
quasi-judicial regulatory Commission. In particular, the new Telecommu- 
nications Act would set out the general powers and responsibilities of 
both the regulatory Commission and the Telecommunications Board. Under 
this legislation, the Board would be responsible for communicating 
approved policy directives to the Commission from time to time with 
respect to the broader aspects of regulatory policy, for example, 
financing of non-commercial national objectives, matters concerning 
foreign ownership and control, alterations in basic rate-making princi- 
ples or exceptions, alterations to the bounds of regulation, changes 
resulting from federal-provincial jurisdictional agreements, shared 
research and development programmes. A critical part of the Board's 
responsibility would be to initiate examination of industry problems 
so as to assure that policy decisions will keep pace with industry 
developments. 
4.25. The Chairman or Director of the National Telecommunications Board 


should be entitled to sit as a non-voting member of the regulatory 
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Commission so as to have access to all written and oral submissions to 
the Commission. The National Telecommunications Board should itself be 
provisioned with adequate research staff of its own as a section of the 
Department of Communications. This staff should have access to and be 
co-ordinated with the staff activities of the regulatory Commission. 
All directives issuing from parliament, the cabinet or the Minister to 
the regulatory Commission from time to time should be carried in the 
Canada Gazette as public notice. 
4,26. The policy Board should have the further responsibility to 
initiate informal hearings for the purpose of consulting with industry 
representatives or other parties, and to call similar hearings in 
response to a request from any segment of the industry at any time on 
reasonable notice. Notice of such deliberations should be circulated 
to the industry and others in advance, and should take the form of open 


and informal meetings. 


Problems of Divided Regulatory Jurisdictions 


4.27. As noted earlier, the manner and particularly the extent of 
regulatory activity embracing the telephone industry varies considerably 
across the country in the case of provincially incorporated or govern- 
ment owned telephone companies. For the most part however, overt 
regulatory activity has been slight to non-existent on the part of 
provincial regulatory commissions. This has been due to a preponderance 
of direct or indirect governmental control in the prairie provinces, 


and to extensive Bell affiliation in Quebec and the Atlantic provinces. 
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As a matter of practice then, the larger provincial and municipal 
carriers have been free to raise their own revenues according to 
individual management precepts and whatever guidance they wish to adopt 
from experience in other systems as members of the Trans-Canada Tele- 
phone System consortium. 
4.28. The major source of interprovincial and inter-system friction to 
date has concerned the establishment of long-distance rates and revenue- 
sharing formulae applicable to such traffic. Even here the system 
members of the consortium have so far managed to reach amicable settle- 
ments voluntarily and without the active intrusion of the C.T.C. into 
the field of long-distance rates. This has had the effect of prevent- 
ing a head-on collision of governments or their respective regulatory 
bodies as has happened so frequently, for instance, in the experience 
of the U.S.A. But there are now signs that this state of affairs may 
come under increasing pressure in the future. 
4.29. In the first place, previously unregulated dedicated line 
services may soon come under regulation in the case of the federal 
carriers. A good deal of this traffic has involved data transmission 
by both of the transcontinental systems, and much of it involves service 
offerings of an essentially comparable and competitive kind. Moreover, 
the volume of long-distance data traffic in the aggregate is increasing 
rapidly. «In thescompetition for subscribers in the future, neither 
system will be willing to submit to rates which will place it at a 
serious disadvantage. On the other hand, pressures will continue to 
mount on the part of the computer services industry and its customers 


for lower rates and more divisible time- and channel-sharing services. 
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The large scale use of data manipulation and transmission as an important 
intermediate input to Canadian business will continue to grow rapidly. 
Rates and charges for service will undoubtedly come under increasing 
scrutiny by commercial users in relation to charges for similar service 
in the U.S. and elsewhere, or to U.S. connections. Already there is 
evidence to indicate an increasing centralization of data processing 
accounts of Canadian subsidiaries of U.S. corporations at computing 
centres located in the U.S. An examination should be undertaken in 
order to determine the extent to which this trend is a result of rate 
and service differentials or of other parent company policies. Finally, 
the development of large high-capacity computing centres in the large 
urban locations has led to a relatively high proportion of long-distance 
interprovincial traffic in data transmission. 
4.30. In the face of all these developments, it is unlikely that the 
past low-key laissez-faire regulation of long-distance rates can continue 
in the future. Certainly long-distance rates in relation to costs of 
the service should be subject to more detailed analysis than has ever 
taken place in the past. If lower rates should be justified as a 
result of closer examination by a federal authority, this will imply 
less lucrative returns on such businéss passing into, out of or through 
the provincially regulated carriers. sItsis atothis point that provincia, 
regulatory jurisdictions may wish to contest the relationship of long- 
distance to local exchange rates from the standpoint of total impact on 
ratepayers as a whole within the province. Especially in the less 
commercialized provinces, the trans-provincial day-time long-distance 


revenues generated principally by business users provide a useful means 
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of holding down rural and local exchange rates. At some stage however, 
the extent of current price discrimination practised between residential 
and business users (in this case interprovincial business users) will 
have to be reckoned with. 

4.31. Matters would be simplified of course if it were perfectly clear 
that the federal authorities have jurisdiction over any telecommunica- 
tions traffic crossing provincial boundaries. Because this is not clear, 
and because it may be inauspicious to test the matter in the courts 
unless seriously pressed to do so, it may be preferable for the federal 
government to take the initiative in an exploration of a voluntary 
arrangement. It might be too much to hope for a voluntary disposition 
in favour of exclusive federal jurisdiction over inter-provincial long- 
distance traffic. Failing this, it might be possible to exercise joint 
responsibility once agreement has been reached on a proper formula for 
long-distance rate-making. In this event, the federal authority might 
well offer to assume the costs of a definitive cost and rate analysis 
from which a formula or set of guiding principles might be devised for 
later discussion and agreement. Undoubtedly such discussions might 

well involve representatives of the various public utilities commissions, 
as well as representatives of governments. All of these initial discus- 
sions and technical work might well serve as a later basis for wider 
joint agreement on reasonably uniform and consistent approaches to 
rate-making and regulatory matters covering all carriers across the 
country. 

4.32. Failing agreement on specific principles or a formula which 


spells out rate changes over time in response to certain other changes, 
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it may be necessary, whenever interprovincial rates are up for examina- 
tion, for a member of each provincial board to sit jointly with the 
counterpart federal board in the hope that some determination can be 


agreed upon on each occasion. 


Industry Growth Zand Diversification vand Regulatory Practices 


4.33. An overview of the general regulatory prescription offered here 
for the Canadian telecommunications industry as a whole contains the 
following features: The broad objective of industry regulation and 
surveillance should not be confined solely to detailed practices within 
the directly regulated monopoly segments of the industry. It should 
not ignore the implications to industry development of such questions 
as foreign ownership of elements of the industry or of business users 
of the industry, foreign competition in vulnerable segments of the 
industry, and government supported developmental projects. It should 
extend as well to broad surveillance of the nature of commercial and 
technical relations between the monopoly carrier segments and the 
competitive supply, service and user segments of the industry. The 
regulatory process, through the cumulative impact of its directives 

and decisions, should seek to promote the kinds of relations between 
the protected and competitive segments which appear to be best suited 
to the orderly growth and development of a diversified industry structure 
capable of competing at home and abroad. 

4.34. To achieve this requires regulatory machinery with a proper 


intake capacity for legislative and administrative policy inputs as 
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well as the technical inputs necessary for ongoing rate regulation in 
the monopoly segments. It also implies adequate provision for the 
airing of industry complaints and points of view in open but informal 
circumstances, and an assurance that the force of public policy deter- 
minations in the end will take the form of open and explicit policy 
directives to the responsible regulatory Commission for implementation. 
4.35. The bounds of licensed monopoly activities requiring direct rate 
and financial regulation should be as narrowly confined as is clearly 
consistent with any cost advantages accruing to a monopolized operation. 
At the same time, the nature of the commercial relations between the 
directly regulated monopoly operation and any unregulated segments of 
the industry must be broadly supervised in the interests of both equity 
and efficiency in all parts of the industry. Equity questions in partic- 
ular have received in the past too little specific attention in the 
regulatory process. Because of this shortcoming, there has been consid- 
erable emphasis in this report on the need for broader surveillance of 
industry affairs. The technical standards and conditions of interface 
with or attachment to common carrier facilities should be no more 
restrictive than is absolutely necessary to avoid degrading of service. 
In short, broad surveillance is required to assure that the monopoly 
franchise is not being used to inhibit unduly the innovative development 
of new equipment and applications by non-carrier components of the industry. 
4.36. Superimposed on this mix of direct regulation and broad super- 
vision is the overriding requirement which is best suited to the protec- 
tion of the public interest, namely, an openness and explicitness about 
all aspects of commercial relations and of legislative and administrative 


regulatory directives throughout the whole of the industry. 
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COMMUNICATIONS IN CANADA 


A STATISTICAL SUMMARY 


Preface 


The aim of this study is to provide a statistical summary, 
attempting to set in perspective the recent evolution of the tele- 
communications sector in Canada, viewed from the outside, and at an 


aggregate level. 


In this effort we have enjoyed substantial cooperation from 
participants in the industry - particularly Bell Canada, Canadian National 
Telecommunications, and Canadian Pacific Telecommunications - and we wish 
to acknowledge with thanks the assistance they have provided. It is note- 
worthy that this cooperation has been both prompt and extensive, providing 
us some necessary data which would otherwise be unavailable. There has 
been no attempt to influence or re-orient our analyses, even when some of 
those with extensive experience in the industry might have felt impatient 
with our apparently naive attack upon problems with which they have grappled 
(at a more detailed level) for a substantially longer time. We are grateful 


both for their help and for their patience. 


In this connection it should be emphasized that our goal- our 
mandate as we interpret it - is to achieve a perspective from outside the 


industry, not a detailed understanding of the technology or of the industry 


-jii- 


at the level of the individual firm. Detailed market analysis or 

detailed investigation of day-to-day optimization in the operation of 
existing telecommunications systems are taken to be outside our terms 

of reference. We hope that by looking at the industry as a whole we may 
highlight some trends and developments which may not be apparent to indi- 
viduals concerned with the fortunes and challenges of particular firms. 
Even at that, much of what we say here is neither new nor startling to the 
participants in the industry or to informed observers, but the trends we 
discuss are documented in a consistent way and are reasonably comprehensive 
in their coverage. This work, together with the accompanying data bank, 
should thus provide useful statistical background to more specific and 


policy-oriented analyses to be undertaken by the Department of Communications. 


This study is one of two companion studies commissioned by the 
Department of Communications. We have acted in consultation with Professor 
Leo Bakony of the University of Victoria in dividing the labour for this 
analysis, and in establishing a common set of assumptions regarding the 
macro-economic environment in which the projections must take place. We 
have agreed with Professor Bakony to use the general framework established 
by the Economic Council of Canada in its macro-economic projections. From 
there this study has undertaken to look at industrial and commercial demand 
for telecommunications, along with the overall production and investment 


relationships, and projections of these, for the sector as a whole. 


cor ae ee Bs 


Professor Bakony is submitting a separate report, taking responsibility 
for more detailed analysis of household demand for telecommunications 


services. 


This study has been the work of several participants. Without going 
into detail, it is perhaps appropriate to indicate that general responsibility 
for initial drafts of Chapters II and V was undertaken by Professor T.H. Liu, 
for Chapters IV and VII by Professor L. Waverman, and for Chapter VI and the 
telegraph portions of Chapter III by Professor M.D.G. Copeland. All three 
montributed to the projections set out in Chapter VIII. Professor L.D. Taylor 
Bock responsibility for the bulk of Chapter TIT and, along with Professor T.A. 
Wilson, provided invaluable consultation and advice on all aspects of the 
report. Overall responsibility for the study and for the final version of 
the report must be accepted by Professor A.R. Dobell on behalf of this 


Institute. 
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Summary 


Quantitative analysis of individual sectors of an economy, as 
opposed to the estimation of aggregate relations for a model of the economy 
as a whole, is important in the analysis of economic policy, particularly 
to agencies - such as the Department of Communications - charged with re- 
sponsibility for regulation of activities in specific sectors. The present 
project does not attempt so ambitious an undertaking as a complete model of 
the telecommunications sector, but this goal has nevertheless guided our 
efforts. A conceptual framework Suitable for construction of such a quan- 
titative model of the industry is outlined in Chapter I of this report. 
This summary brings together the results of the succeeding chapters, inter- 


preted in the context of that framework. 


In bare outline, our analytical superstructure can be described 
as follows: 
1. With time series on revenue, prices, and income, we 
have estimated relationships describing the demand 
for telecommunications services (telephone and tele- 
graph) and various of its components. We also have 
done the same for broadcasting services, taking into 
account the fact that the nature of the demand for 
broadcasting is very different from - much less direct 
than - the demand for other two-way telecommunications 


services. We have assumed that the output observed is 


in fact equal to demand, which is tantamount to 
assuming that scarce capacity has not rationed supply 


over the period we study. 


Ze Taking output as given - employing the same revenue 
and price series - we have estimated production functions 
for all telecommunications services except broadcasting. 
Our argument has been that the fundamental theoretical 
requirement necessary to justify the analysis - the 
assumption of technological efficiency in production - 
is not in fact called into question by the well-known 
Averch-Johnson GErecte because the Averch-Johnson dis- 
cussion does not apply to a production function based on 
fixed stocks of durable capital goods. (The discussion is 
relevant not to the production decision, in other words, 
but to the investment decision.) In addition to production 
functions, we have also estimated input requirements functions 
for telecommunications services, and crude input requirements 
functions for broadcasting. We have found that a smooth 
Cobb-Douglas production function yields excellent results 
for the telephone sector, but not for the smaller telegraph 


sector. 


The literature initiated by Averch and Johnson suggests that since 
"gold-plating" or overly capital-intensive operations is not penalized 
by rate-base rate of return regulation, such undue capital accumulation 
will be generally observed in industries so regulated. 


yi 


Employing the same capital measures and capital goods 
deflators where possible, and employing industry survival 
curves to construct a net stock by a perpetual-inventory 
method where necessary, we have estimated investment 
functions for telecommunications services. It is at this 
point that the Averch-Johnson idea should be taken into 
account, and indeed our results confirm that conventional 
maximizing decisions reflecting market cost-of-capital 
concepts are not applicable to this sector. Thus the results 
of our investment chapter are logically consistent with the 
existence of a Cobb-Douglas pseudo-production function when 
the fact of the regulatory process is taken intc account. 
Investment kehaviour of the broadcasting industry has again 
been analyzed separately. 

Adding the investment outlays for telecommunications services 
to those for broadcasting, and adjusting for direct import 
leakages, we obtain the demard of the teleccommunications 
sector for communications equipment to be purchased on 
capital account. Adding in the input-output table estimates 
of demand for communications equipment as intermediate goods, 
we arrive at a total demand for communications equipment. 
This in turn may be distributed back to the suppliers to 


the equipment manufacturing sector. 


- vii - 


With this distribution, we complete one phase of an analysis of, 
the telecommunicaticns sector and its links with the rest of the Canadian 
economy, for we have arrivelat estimates of the impact of the sector on 
gross domestic product, on factor markets, and on inter-industry flows. 
Further analysis remains. One should go on to look at wage formation and 
the determination: o£ capitals costs, sovas»to) “price out) thetinpurcare— 
quirements functions and thus obtain estimates of costs of production. 
Together with cutput prices established either by regulation or in markets 
for telecommunications services, these costs will determine dividends and 
financial capital requirements. These forces in turn determine equity 
valuation, the capability to attract capital, and the stance of the companies 


before their regulatory agencies. 


Unfortunately, this study cannot venture into any analysis of these 
further issues. Already our work has proceeded far beyond what was envisaged 
in the terms of reference for this study, and extension of the analysis 
into the difficult problem areas just listed must entail a much longer-range 
study. While we have no doubt that such an. analysis would be useful, it 


must be left to another occasion. 


The major conclusions of our analysis are as follows: 
1. The demand for teleconmunications services is characterized 


by strong inertia in the short run. This is -truestor 
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broadcasting, as well as for telephcne and telegraph 

and cable. 

In the long run, the demand for telecommunications 

services is elastic with respect to income. Again, this 

is true for each sector taken individually. 

For the most part, the demand for telecommunications services 
is insensitive to the relative prices of the services. For 
telephone, the demand for local service of either businesses 
or households is independent of price,as is also the demand 
for long-distance service on the part of businesses. Only 
in the demand for long-distance service by households is 


there a sensitivity to the relative price, and this appears 


to be quite substantial. (In interpreting this result, however, 


it must be kept in mind that whether long-distance rates 
continue to fall in the future depends upon the pace of 
technological change and subsequent decisions cf requlatory 
authorities.) 

The demand for telephone services appears to be homogenecus 
across regions of the country. 

On the production side, a Cobb-Douglas production function 
yields quite plausible results in describing the technology 


of the telephone industry in general, and cf Bell Canada in 
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particular. The results for Bell Canada suggest that 

this firm enjoyed mild economies of scale over the period 
1952) to. 1967... This’ finding i1s<corroboracedse Lor some 

extent by input requirements functions which exhibit 
increasing returns to scale in the utilization of inputs. 

In interpreting these results, however, it must be noted 

that our methodology does not enable us to separate true 
economies of scale from a spreading-of-overhead resulting 
from a higher utilization of a given plant. Even if true 
economies of scale exist, lack of pertinent data keeps us 
from saying where in the collecting-switching-trunking 
sequence these economies exist. 

Investment in the telecommunications industry is best 
described by a distributed-lag accelerator model. This 

may seem to be at odds with the finding that a smooth- 
substitution Cobb-Douglas production function describes 

the technology of the industry. However, these results can 
be reconciled when the effect of regulation is taken into 
account. Regulation affects the investment decision, not 

the production decision. Once the capital stock is in place, 
the industry still has an incentive to produce a given output 
in the most efficient manner possible, and the transformation 
of variable labour and fixed capital inputs into output can 


be approximately described by a smooth production function. 


As regards the future course of the telecommunications 
industry, the demand for its output is projected to grow 
faster than the economy overall, which means that tele- 
communications will put even stronger demands in the future 
than it has in the past on the nation's capital markets in 
order to finance the needed expansion in plant and equipment. 
Detailed pyojections of revenues, labour and capital inputs, 


and investment outlays are set out in Chapter VIII. 
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INTRODUCTION AND SUMMARY 


1. Terms of Reference 


In a memorandum of agreement dated September 30, 1969, between Her 
Majesty the Queen in Right of Canada and The Board of Governors of the 
University of Toronto, the Institute for Quantitative Analysis of Social 
and Economic Policy of the University of Toronto undertook to transmit to 
the Department of Communications an economic and statistical analysis of 


the telecommunications industry in Canada. 


The terms of reference of the agreement require that the study include: 

l. <A definition of the telecommunications industry, with an 
identification of the major participants and a discussion 
of any aspects of the industry structure relevant to later 
statistical analysis. 

2. An analysis of available data for the industry in order to 
compare scales of operation in the sector with economy totals, 
and to study purchases from and sales to other sectors of the 
Canadian economy or other countries. 

3. An analysis and projection of demand, production,and 
investment for various components of the industry. 

4. A review of anticipated technological developments and an 


investigation of possible impacts upon the industry. 


A subsequent contract involving the same parties called for an extension 
of this study to include relevant aspects of radio and television broadcasting 
and telecommunications manufacturing. Results under both contracts are 


included in this report. 
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Communications in Canada: A Statistical Summary 


Introduction 
Lien Merms Obrrererence 
2. General methodology 
a) definition of industry 
b) data assembly 
c) analysis 
3. The telecommunications industry at a glance 
a) ownership structure 
b) composition of services 
c) government regulation 
4. The role and importance of the sectors 


5. Cevelinciuess 


2. General Methodology 


The research efforts underlying this report have fallen generally 
into three clearly-defined areas, as indicated in the summary of our terms 


of reference, and as dictated by overall research requirements: 


1. Definition of the telecommunications industry and assembly 
of historical data; 

2. Analysis of the historical data to provide etaGiatical 
estimates of behavioural and technological relationships 
which characterize the industry; 

3. Use of these relationships in conjunction with assumptions 
about the future deployment of telecommunications technology 
and the growth of the economy to forecast activity levels of 


the industry in 1980. 


a) Definition of the Industry 

The definition of the telecommunications industry employed in this 
study has evolved from analysis of the wide variety of communications services 
provided by the organizations involved in this sector, and of the industries 
which manufacture telecommunications equipment. (For the purposes of this 
report all aspects of satellite communications have been excluded from the 
definition of the telecommunications industry.) The specific activities are 
examined later in this report, but briefly, these are: 

1. telephone (transmission of voice messages, both local and toll) 

2. telegraph and cable (transmission of written records) 


3. broadcasting (radio and television) 


4. other telecommunications services offered by the tele- 
phone and telegraph companies such as: 
a) private wire service - i.e. dedicated lines allowing 
the user to employ a line from one point to another 
for voice, data, or remote program transmission. (It 
should be noted that the latter service is not a broad- 
cast.) 
b) switched subscriber service (i.e. services using a 
common trunk network but which involve switching). 
5. Manufacture of telecommunications equipment. 
Chapter II describes the data collected on the activities of the telecommuni- 


cations sector so defined. 


Except for an occasional note in passing in Chapters II and III, only 
the marketed services of companies engaged in these activities have been 
examined. Excluded from the analysis, therefore, is the communications out- 
put which a number of companies, such as Ontario Hydro, are able to provide 


to themselves as by-product of their primary activity. 


b) Data assembly 


Data assembly is necessarily the point of departure in any empirical 
investigation, and this was the first order of business. Data have been 
obtained from a number of sources, both public and private, and, in keeping 
with our general terms of reference, additional information has been obtained 


from informal discussions with representatives of the industry. Since large 


segments of the telecommunications industry are regulated in the public interest, 
substantial amounts of data pertaining to the industry are already in the 

public domain, appearing in regular publications of the Dominion Bureau of 
Statistics. Needless to say, these publications have been one of our two major 
sources of information. A second major source has been a number of individual 
companies, who have made available to us certain unpublished data, much of it 

on a confidential basis. Descriptions of all data used-in the study, together 
with sources, are given in Chapter II. A data tape recording the individual 
data series, together with a small computer program for manipulation of these 
data, was turned over to the Department of Communications; save for confidential 
information, these data are available upon request to the Institute for Policy 


Analysis. 


c) Analysis 


Although the historical data are of considerable interest in their 
own right, and descriptive of trends in the industry and economy as a whole, 
their primary function in this study has been as input into the estimation 
of statistical relationships, both behavioural and technological, which 
characterize the telecommunications industry as an economic entity. In 
developing these relationships, our efforts have been conditioned from the 
start by a conceptual model which imbeds the telecommunications sector in 
the total economy. This model can be described with the aid of the flow 


chart given in Diagram l. 


We begin in the upper left hand corner of the chart with the demand 
for telecommunications services on the part of business, households, and 
the government. We take demand to be dependent on the general macroeconomic 
environment as reflected in population growth and movement, the level of 
national income, and the general level of prices, and also upon the prices 
of communications services. The latter consideration is sometimes felt to 
be of little importance in determining demand, but as will be seen in the 
sequel, our results suggest otherwise. Because of its obvious crucial 
importance, isolation of the determinants of demand has occupied much of 


our attention, and forms the subject matter of Chapter III. 


After the level of output has been determined, the problem is to 
determine the amounts of inputs - labour, capital and intermediate goods 
or raw materials -required to: produce this output. To do this, our approach 
has been to estimate functions which describe statistically the amounts of 
labour, capital, and other inputs that are required for each unit of output. 
This task occupies Chapter IV. In estimating these functions, allowance has 
been made, in one form or another, for the technological progress which has 
occurred at a rapid rate in the telecommunications industry during the post- 
way period. Engineers may shudder at the procedures we have had to follow, 


but we hope that they will bear with us. 


The next set of arrows in Diagram 1 flow from the input requirements to 
the costs of operation, for once the input requirements are determined, these 
combine with prevailing wage rates, rents on land, prices of materials and 
costs of oe services - all of which we assume to be determined indepen- 
dently of the level of output - to determine the costs of operation. After 


indirect taxes are taken into account, profits on operations are then deter- 
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mined as the difference between revenues and costs. If these are less 
(calculated, after profits taxes, as a percentage of a rate base) than the 
maximum allowed by the regulatory body, the industry will probably move to 
increase its rate of return by seeking permission to raise the prices of some 


telecommunications services. 


Our assumption with regard to investment is that the industry's current 
investment is determined primarily by its expected future capital stock require- 
ments. The industry invests now in order that additional capacity be in place 
when it is needed. An investigation into the patterns of investment outlays is 


described in Chapter V. 


This new capital must be manufactured - thus the arrows feeding into 
domestic manufacturing and imports, representing the content of Chapter VII - 
and it must also be financed. How it is financed, in turn, has implications 
for regulation and pricing. The circle is completed by the feedback of pricing 


on the demand for the industry's output. 


All the above discussion refers to the services of the telephone, tele- 
graph, and cable companies, services which involve two-way transmission of 
information, or at least involve specific recipients of the service. Specific 
charges can therefore be levied on the user. A similar analysis is required for 
radio and TV broadcasting, one-way transmissions intended for communication to 
an audience of many individuals, none of whom are individually identified at any 
one time. For this reason our analysis, though it parallels that outlined above, 
is conducted separately for the broadcasting component of the sector, and is set 


out in Chapter VI. 


The scheme just described is obviously an idealization, but it nevertheless 


captures what in our opinion are some essential institutional and behavioural 


aspects of the industry. These include the following: 


l. Large segments of the industry are regulated in the public 


interest; 


2. The industry estimates the amount of output that will be 


required for some period in the future, and then sets about 


to provide this output in the most efficient way possible; 


3. Anticipated demand determines the size of the capital stock 


required, and this in turn determines the amount of current 


investment; 


4. Pricing under regulatory constraint is geared primarily to 


ensuring that the industry can marshall the financial re- 


sources required to finance necessary capital expansion. 


In putting the above model into execution, our analyses have necessarily 


been tempered by practical considerations, especially as regards data limitations 


and the time available to us. The time constraint has forced us to be less 


ambitious than we would have liked, and the lack of data has restricted our 


application of the full model outlined in Diagram 1 to the telephone industry 


in general, and 
Particular. “Fox 
analyze only the 
for broadcasting 
requirements and 


data limitations 


(in some relationships) to the operations of Bell Canada in 
the telegraph and cable industry, it has been possible to 
conditions of demand and the determinants of investment, and 
only the conditions of demand, with brief reference to input 
investment behaviour. Even within the telephone industry, 


have severely hampered our ability to take into account 


technological change. 


Despite these limitations, we have undertaken some tentative projections, 
based on the conceptual framework described above and on estimated statistical 
relationships consistent with that framework. These projections are set out 


and discussed in Chapter VIII. 


3. The Telecommunications Industry at a Glance 


Canada can be proud of her telecommunications industry. From the world's 
most northerly telephone exchange 600 miles inside the Arctic Circle at Resolute 
Bay, to Windsor in the South, St. John's in the East, and Annette Island in the 
West, Canada's communications network is as extensive as it is modern, and puts 
some form of rapid communication within reach of virtually every resident of the 
country. The network is serviced by more than 2,000 telephone companies acting 
in concert to provide continental service, and by two railway companies, national 
in scope, acting jointly to provide continental telegraph service, while overseas 
messages are relayed by the Canadian Overseas Telecommunications Corporation. 
Messages are transmitted by means of microwave, tropospheric scatterwave systems, 
land lines, cable, and high frequency radio bands. The past few years have seen 
many advances in the field of telecommunications, facilitatating speedier trans- 


mission of both man-to-man and machine-to-machine communications. 


a) Ownership Structure of the Telecommunications Industry 

Canada's telecommunications common carriers are largely Canadian-owned. 
For example, American Telephone and Telegraph holds only approximately 2% of 
the equity in Bell Canada, theremainder of the equity being widely held by 


Canadian residents. However, Anglo-Canadian, a subsidiary of General Telephone 
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and Electronics (GT & E) in the U.S., has majority control of British Columbia 
Telephone Company, and Quebec Telephone is also associated with GT & E. Of the 
Trans-Canada Telephone System members, Bell owns approximately 50% of the New 
Brunswick Telephone Company, Ltd., 99.6% of Newfoundland Telephone Company, and 
52% of Maritime Telegraph and Telephone (but only 5% of its voting shares). 
Maritime Telegraph and Telephone in turn controls Island Telephone Company (a 


telephone company serving Prince Edward Island, but not a TCTS member). 


The systems of the cities of Edmonton and Thunder Bay are municipally 
owned. The Manitoba Telephone System, Saskatchewan Government Telephones, and 
Alberta Government Telephones are provincially owned, while the systems in Nova 
Scotia, New Brunswick and Prince Edward Island are privately owned with pro- 
vincial charters. British Columbia Telephone Company and Bell Canada are 


investor-owned with federal charters. 


Bell Canada has an agreement with the American Telephone and Telegraph 
Comapny whereby for an annual fee the latter company provides advice and assis- 
tance on technical and operating matters. Nine major telephone organizations 
have similar agreements with Bell; British Columbia Telephone Company has a 


corresponding agreement with General Telephone and Electronics Corporation. 


With respect to equipment manufacturers and suppliers, Bell Canada's 
wholly owned subsidiary, Northern Electric,has an agreement with Bell requiring 
Northern to manufacture materials upon Bell's request, and, like Bell Canada and 


A.T. & T., Northern Electric and Western Electric (an A.T. & T. subsidiary) have: 


a he 


a reciprocal agreement regarding information relating to the development and 
manufacture of telephone equipment. Likewise, British Columbia Telephone Company 
has an ownership link with a manufacturing enterprise (Automatic Electric). 
Canadian Telephone and Supplies, Ltd. and Dominion Directory Company Ltd. are 

two wholly-owned subsidiaries of Anglo-Canadian Telephone Company. General Tele- 
phone and Electronics International Inc. (a subsidiary of General Telephone and 
Electronics Corporation) owns all the outstanding shares in Sylvania Electric 
(Canada) ltd., and this latter company in turn owns all the outstanding shares of 
Lenkurt Electric Company of Canada, Ltd. Thus, although the major common carriers 
are Canadian, many of the peripheral operations appear to fall within large U.S. 


systems. 


As we mentioned earlier, CN Telecommunications (a division of a crown cor- 
poration), CP Telecommunications (a division of an investor-owned company), and 


the Trans-Canada Telephone System each own and operate microwave systems. There 


are also private microwave systems in operation in Canada, some of which are 


leased by CBC and the CTV Television Network Ltd., and some of which are operated 
by large organizations such as Quebec Hydro for their own control and communi- 


cations requirements. 


The CBC (The Canadian Broadcasting Corporation) is a federal crown cor- 


poration and as such is responsible to Parliament, reporting through the Secre- 


tary of State as designated in the Broadcasting Act. On March 1, 1969, there 


were 267 AM, 70 FM and 239 TV stations privately owned. Approximately 95% of these 


private stations are members of the Canadian Association of Broadcasters. 


=. iO 


b) Composition of Telecommunications Services 

Telephones 

The growing range of services offered by the telephone industry is 
indicative of the trend in Canadian telecommunications generally . Services 
now available to individuals and businesses include the direct dialing of long- 
distance calls and rapid connection to overseas telephones as well as high speed 
data transmission, facsimile transmission, and instant access to permanent “hot- 


line" connections. 


Local and long distance telephone service throughout Canada is provided 
by more than 2000 companies both investor-owned and public, serving over 8,000,00' 
telephones. The largest company is Bell Canada which serves almost all of the 
privinces of Ontario and Quebec. Each of the other provinces has a different 
primary system for local telephone service. Telephone service in the Yukon and 
the Northwest Territories, parts of Newfoundland and northern sections of British 
Columbia, is provided by Canadian National Telecommunications. By virtue of the 
heavy investment required to establish the distribution network, each company 
effectively has a monopoly within its own territory and is subject to federal, 
provincial, or municipal regulation aaeeaien upon the company's charter and 


circumstances. 


Trunking of long distance calls is provided by the Trans-Canada Telephone 
System (TCTS) which is an informal association consisting of eight full member 
telephone companies (Alberta Government Telephones, the Bell Telephone Company 
of Canada, the British Columbia Telephone Company, Manitoba Telephone System, 
The Newfoundland Telephone Company Ltd., the New Brunswick Telephone Company,Ltd 
Maritime Telephone and Telegraph, and Saskatchewan Government Telephones). The | 
Canadian Overseas Telecommunications Corporation (COTC) is an associate member. 


Every telephone system in Canada has access to this national and international | 


network through the facilities of one of the member companies. 
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Telegraph and Cable 

Canadian National and Canadian Pacific Telecommunications operate the 
national telegraph systems. These companies maintain telgraph offices, often 
amalgamated, in all 10 provinces and in the Yukon and Northwest Territories. 
CN/CP interconnect with the COTC, Western Union International, and Commercial 
Telegraph Corporation for international transmission, and a customer may elect 
the carrier through which he wishes the message sent. Although at one time the 
telegraph message was a prime source of CNT and CPT revenue, today such traffic 
asscounts for only 15% of total revenue for these divisions. Messages are trans- 
mitted by teleprinter and facsimile equipment and the telegraph networks over 


which public messages flow are computer-controlled. 


Microwave Facilities 


There are extensive transcontinental microwave systems in operation in 
Canada, placing Canada as the second highest among the world's users of micro- 
wave communications systems on a miles per capita basis. The Trans-Canada 
Telephone System and CN/CP Telecommunications provide transcontinental micro- 
wave systems for the transmission of telephone, television, data, and other 
communications. Other systems link British Columbia, Alberta, Ontario, and 
Quebec with the Far North. Some organizations such as provincial hydro and 
power authorities maintain private microwave systems for their own communications 
purposes. The two main Canadian television interests - the CBC and the CTV 
Television networks - lease microwave facilities for the relay of television 
programs from coast to coast, and the Department of Communications has opened 
a microwave band for the use of various Canadian educational authorities in an 


instructional television system. 
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Radio and Television Broadcasting 

Canadian broadcasting is a combination of public and private enterprise. 
Today radio service reaches 99%, and television service reaches 96% of the 
Canadian population. The Canadian Broadcasting Corporation is a Crown Corporation 
established by an Act of Parliament to provide the national broadcasting service 
in Canada. Its radio and television facilities extent from coast to coast and 
into the Arctic Circle. As of March I, £969, the CEC "had in operacion.. 3.7. 
stations(in addition, many of the 267 privately-owned radio stations were affili- 
ated with the CBC); 202 low-power relay transmitters; 7 of the 77 FM stations; 
5 of the 11 short-wave stations, and 92 of the 331 television stations in Canada. 
All but 43 of the 239 privately owned television stations were affiliated with 
the CBC; eleven of the unaffiliated private television stations form the CTV Tele- 
vision Network Limited, and the remaining are independent of network affiliation. 
The CBC is financed mainly by public funds voted annually by Parliament but sup- 
plementary revenue covering about 20% of operating expenses is obtained from com- 
mercial broadcasting. The privately owned broadcasting stations are dependent 
almost entirely on advertising revenue. 

In addition to federally~supplied radio communication services, the province: 
have established extensive radio comme eneien systems for police, highway, and 


forestry protection purposes. 


Other Services 
The major telephone companies, CNT and CPT, all provide other services aside 
from public telephone and telegraph service. The major telephone companies now 
provide services such as TWX, Data-phone service, Data-line service, Multicom, 
Wide Area Telephone Service (WATS), Private Wire teletype service, and computer 
controlled transmission systems. CN/CP Telecommunications has been established 


as a joint venture to supply services throughout Canada in competition with the 
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TCTS in this area of video and data transmission and private line offerings of 

all types. To this end, CN/CP Telecommunications provide the following services - 
Telex, Broadbank Exchange Service, Hot-line service, Private Wire Teletype systems 
and computer controlled transmission systems. Brief descriptions of these 


services follow: 


TWX and Telex. Telex, a Canadian teletypewriter service, is 
provided by CN/CP Telecommunications, with interconnection 

to world-wide networks, permitting a subscriber to dial directly 
any other subscriber on the network. There is no minimum 

charge and costs are determined on a time-used and distance 
basis. The major telephone companies provide a similar 

system called TWX, which also has international connections. 


Data-phone service. The Data-phone service, operated by the 
major Canadian telephone systems, transmits data from punched 
cards, tape or magnetic tape between 2 or more machines or 
computers. The subscriber pays for the line which is being 
used at regular long distance rates. 


Data-line service. The Trans-Canada Telephone System put 
this service into operation late in 1968, primarily for 
customers who wished to be connected to time-sharing com- 
puters. Charges are based on a flat rate and depend upon the 
band width used. 


Multicom service. The Trans-Canada Telephone System has 
recently introduced a data communications network which 
initially features very high transmission speeds up to 
60,000 words per minute. The service may be used for trans- 
mitting data directly from computer to computer, or for 
sending large batches of data for processing on remotely 
located computers. Also, data may be sent and received 
Simultaneously. Rates are composed of a flat monthly 
service charge, cost of terminal equipment and transmission 
time and distance used with a six-second minimum calling 
time and additional six-second increments. 


Wide-Area Telephone Service. This service, colloquially 
called WATS, is operated by the TCTS and provides dial-type 


telephone communication from one WATS zone directly to another 
lond-distance zone, without regular long distance charges on 
individual calls. Subscribers are charged on a measured 

time period rate and an additional hourly rate. 


Private-wire teletype systems. In past years many companies 


rented private teletype networks from telecommunications 
companies. Many are now changing over to the newer computer- 
controlled transmission systems. 
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Computer-controlled transmission systems. CNT, CPT, and 


the TCTS all have in operation so-called "store and forward" 
message switching computers which control the flow of 
message traffic. These systems convert transmission codes 
and speeds and determine where messages are to be sent. 
CNT's system provides a switching medium for Air Canada, 

CP Air, and CN administrative message traffic, and also 
controls and transmits information on CN's reservation 
system. CNT's third generation message-switching computer 
switches commercial telegrams across the country. 


Broadband and Exchange service. In 1967 an advanced design 
of an automatic switching system was introduced by CN/CP 
Telecommunications. This system has the capability, upon 
customer demand, of transmitting computer data at 51,000 
words per minute, or more than 50 times faster than the 

top speed reached by conventional switched networks. 
Transmission is carried by the CNT-CPT microwave system 
using frequency diversity techniques to provide a high 
degree of reliability. 

Hot-line service. CN/CP Telecommunications and Western Union 
offered in 1969 a Hot-line service whereby companies in 
Toronto or Montreal may talk to their offices in New York 


City by simply picking up the handset of the telephone. 
Subscribers are charged on a time-used basis. 


c) Government Regulation of Telecommunications 
The Department of Communications 

The growing importance of telecommunications in indicated by the 
creation, through the Government Organization Act, 1969, of a federal Depart- 
ment of Communications. The duties of the Minister of Communications involve 
matters relating to telecommunications and the development and utilization 
generally of communications undertakings, facilities, systems and services for 
Canada. To exercise his powers and carry out his duties and functions, the 
Minister of Communications is empowered under the Act to: 

a) co-ordinate, promote, and recommend national policies and 

programs with respect to communications services including 


the Post Office; 


b) promote the establishment, development, and efficiency 
of communications systems and facilities; 

c) assist Canadian communication systems and facilities to 
adjust to changing domestic and international conditions; 

da) plan and coordinate telecommunications services for 
departments, branches and agencies of the Government of 
Canada; 

e) complete and keep up-to-date detailed information in 
respect of communications systems and facilities and 
of trends and developments in Canada and abroad 
relating to communication matters; and 

£) take such action as may be necessary to secure, by 
international regulation or otherwise, the rights of 


Canada in international communication matters. 


The Regulatory Agencies 


In an industry such as the telecommunications industry where 
the size of the market may be small in relation to the capital investment 
required to provide service, the government usually considers it in the public 
interest to limit the number of firms in the industry and to regulate the price 
of the service. Accordingly, the various Canadian telecommunications systems 
are regulated by various boards or commissions deriving their authority from 
statutes which define the powers and functions of that regulatory body in 
relation to the particular telecommunications system. 

Telephone and telegraph companies incorporated under the 
federal Parliament are subject to the jurisdiction of the Canadian Transport 
Commission in the matter of rates and practices under the provisions of the 
Railway Act, while the other major companies are subject to provincial 
regulation. The International Telecommunication Convention and its regulations, 
and regional agreements, set down the procedures for international telegraph 
and telephone communications. Radio communications in Canada are regulated 


mainly under the Radio Act, the Canada Shipping Act, International Conventions 
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on shipping, aviation, telecommunications, and by regional agreements. All 
broadcasting for the public in Canada is regulated under the Broadcasting Act, 
which is administered by the Canadian Radio-Television Commission (CRITIC). 

CN Telecommunications is a federal Crown Corporation, while 
CP Telecommunications is investor-owned, but both are federally regulated 
by the Canadian Transport Commission under the Railway Act. 

Bell Telephone Company of Canada and British Columbia Telephone 
Company also operate under Federal jurisdiction exercised by the Canadian 
Transport Commission under the Railway Act and the Acts of Incorporation of these 
two companies. The other members of the TCTS (with the exception of Saskatchewan 
Government Telephones) operate under provincial regulation, exercised by means 
of an administrative board or commission whose powers generally flow from the 
Public Utility Act of that province. Saskatchewan Government Telephones reports 
directly to the government of Saskatchewan. The municipal systems, such as the 


City of Edmonton Telephone System, are generally subject to municipal regulation. 


Regulation of Rates 

The general principle governing the regulation of rates in 
the telecommunications industry is that they be "just and reasonable", and 
not be discriminatory against any person or company. Since there is no 
encompassing statutory test of justness and reasonableness, varying tests have 
been used by the regulatory bodies at different times and places. [In the 
setting of rates and charges it has been the practice of the particular 
regulatory board of commission to allow a certain rate of return on the "value" 
or rate base of the telecommunications firm in question. As examples, the 
following are descriptions of the various ways the rates of telephone companies 
across Canada have been determined at one time or another. 

In the provinces of Newfoundland, Nova Scotia, Alberta and 
British Columbia, the rates are tested by formulae using the rate of return on 


a rate base calculated on a valuation of plant in service plus allowances for 
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items such as working capital. There is no specified test in New Brunswick, 
Quebec and Manitoba, but the rates must be "just and reasonable". In Manitoba 
there is a list of specific factors to be taken into consideration, In Prince 
Edward Island the rate of return is calculated on a rate base fixed by the 
regulatory authority. In Saskatchewan, the test of rates for the rural 
telephone systems is that they be sufficient to pay operating and other costs. 
The municipal systems in Ontario must set rates sufficient to meet the payments 
of principal and interest on debentures. The larger systems are permitted to 
earn a prescribed rate of return on capital invested. 

However, there is now some indication that the setting of a 
permissive rate of return (however determined) should not be used as the 
sole test of the reasonableness of rates. In a 1969 judgement regarding a 
Bell Canada rate increase application, the Canadian Transport Commission stated 
that the effects of continuing changes in the economy upon the present 
financial position of Bell "illustrate the fallacy of attempting to establish 
as a sole test of the justness and reasonableness of rates, a maximum permissive 
rate of return ... no statutory requirement exists for the fixing of a rate base 
and a rate of return on that base. Therefore our decision is not to fix any 
permissive level at this time, but we propose to maintain constant surveillance 
over Bell's affairs and take any steps that may in the future call for further 
relief or for remedial action". 

It may be noted here that the Railway Act (which governs 
the rates for Canadian National Telecommunications, Canadian Pacific 
Telecommunications, Bell Telephone Company of Canada and British Columbia Telephone 
Company, has recently been amended by Bill C-1l, entitled "An Act to Amend the 
Railway Act", so that the Canadian Transport Commission will, when the amendment 
is proclaimed, possess the authority to regulate tolls for use of presently 
unregulated services and facilities2 Previously, "private wire" services, that 
is, the use of telegraph or telephone wires where no toll was charged to the 


public, were exempt from CTC regulation. 


iThe Canada Gazette, June 20, 1970 states that Bill C-1ll, received Royal Assent 
March 12, 1970 and is to come into force August 1, 1970. 
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4. The Role and Importance of the Telecommunications Sector 

The telecommunications industry is a large contributor to 
the national output, is itself a large consumer of goods and services, and 
is also a ee employer. To quote a few figures, in 1968: 

The combined annual revenues of the common carrier telephone 

and telegraph companies totalled $1.4 billion; 

Together they employed over 75,000 persons, paying 
an aggregate of $494 million in wages and salaries; 

Their combined investment in plant aren nate was 
nearly $6 billion; 

The total number of telephones in the country at year end 
was 8.8 million, and the total number of telephone 
conversations recorded during the year was more than 
14 billion. 

Tables I, IE, III, and IV give short summaries of the operating 
revenues and expenditures for the telephone, telegraph, radio and television 
broadcasting ,and communications equipment manufacturing industries. 

An alternative view of the role of the telecommunications 
sector may be obtained by examination of input-output tables for the Canadian 
economy. Computations from the 1949 table reveal that 

A dollar of output of the communications sector represented 

payments of: 

41.6¢ to wages, salaries, and supplementary labour income; 
9.1¢ to firms in the same sector, for services; 
7.0¢ to firms in transportation, for services; 
3.2¢ to firms in construction, for services; 
16.5¢ to other sectors of the economy, for inputs; 
3.1¢ on indirect taxes; 
9.2¢ on depreciation allowances; 
10.3¢ on income to capital employed in the sector. 
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Excluding sales of firms in the telecommunications sector 
to other firms in the same sector, the above breakdown 
shows that 70% of the value of output is attributed to 
primary inputs (labour and capital services), while 30% 

is attributed to the value of intermediate inputs purchased 
from domestic sources. The value of imported intermediate 
services into the communications sector is negligible -- 


measured at .1% in 1949. 


A dollar of output of the communications sector would 
be distributed in sales of: 
35.5¢ to consumers 
2.5¢ to government 
62.0¢ to other firms as inputs, of which 
13.2¢ flows to the service industries sector 
9.1¢ flows to the communications sector itself 
8.5¢ flows to transportation, storage and trade. 
100.0 
Again excluding intra-sectoral sales, one can say that the 
distribution of output has 42.7% of sales to domestic 
purchasersifor finalsoutput; and: 57.3% as. intermediate’ inputs 
to further production. Again recorded exports of communications 


services are negligible. 


Finally, working through the table, one may note that gross 

domestic production originating in the communications sector 
represented 1.36% of total gross domestic production in 1949, 
of which close to 3/4 may be interpreted as flowing, directly 


or indirectly, to consumption uses. 
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5 COnclusien 


Emerging from these scattered observations is a picture of an industry 
dominated by Bell Canada and CN/CP among the common carriers, and by the CBC 
within the broadcasting subsector, with vertical integration back to suppliers, 
and some continuing horizontal integration as both Bell Canada and B.C. Tele- 
phone acquire other telephone systems. Government ete ee through regu- 
lation of the common carriers as well as through the participation of Crown 
corporations in broadcasting (CBC), international telegraph, telephone, and 
cable (COTC), and domestic microwave (CN), (not to mention Telesat) is exten- 
Sive. With continuing growth of demands for new services arising from inno- 
vations within sectors using communications services, as well as new modes of 
production and new products developed as a result of technical progress within 
the communications sector itself, there will be continuing need to articulate 
comprehensive public policies designed to maintain the viability of the sector 
without restrictions on the entry of new participants. Formulation of any 
such policies demands a general description of the economic character of the 


sector as a whole, and it is to that goal that this study is directed. 


With this general outline of an analytical framework for our work, and 
the above thumbnail sketch of the telecommunications sector as a whole, we 
may now move on to investigate the statistical record of the sector's operations 
in more detail, and then to break the analysis down into study of individual 


statistical relationships. 
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TABLE I 


Telephone Statistics; Summary 


Units 1968 ah 
Capital erock” $ 000 ira ohaly Ate sts: 7307-575 
Funded Debt $ 000 2,089, 386 a Liga s Ou 
Total Telephones $ 000 8,818 SV Ac? 
Property and Eee omen. $ 000 4,120,614 1,903,782 
Total Calls $ 000 14,381,608 67250), 220 
Total Revenue S000 1 2680567 562,203 
Employees No. 66,699 Do 7o26 
Salaries and Wages $ O00 A36,543 240,691 
Total Expenditures s 000 1,095, 763 SOO ee 


Includes premium on capital stock. 


Less accrued appreciation. 


Source-D,. Bos, Gatalogue No.” 56-203 
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TABLE, ET 

Telegraph and Cable Statistics: Summary 

Summary Units 1968 1959 
Pole-line Mileage No. 49,497 AT ,535 
Wire Mileage No. 5132 16 486,875 
Property and Rouvewents $ 000 358,491 186 ,298 
Telegrams Out No. (000) 8,830 14,438 
Received from U.S. No. (000) 843 1,954 
Cabieoremsé No. (O00) 4,057 2,487 
Money Transfers $ (000) 457163 25,589 
Operating Revenues $ 000 116 ,666 52,963 

3 No. Soar LOOP oSs 

Employees 
Salaries and Wages S2000 57,494 40,059 
Operating Expenses $ 000 86 ,426 43,512 
Net Operating Revenues $ 000 30,240 97451 


a Mare. 
Less accrued depreciation 


2 ; : 
Includes wireless messages and transatlantic telex 
messages. 


3 he 
Excludes commission operators 


Source:D.B.S. catalogue No. 56-201. 


Phe 


vOT-9g¢ AequUMN enboTezed sad 


2 90an0¢9 


*eTqertteae jou petal 


*suotsstumoo AOuebe HutstjAeApe epnypTouT Zou seod 


(SZeTTOd FO spuesnoyL) 
(Azeuums) sSOTASTQZeIS HuTJseopeorag uOoTSTAeTeL pue OTpeYy 


Ili didvi 


G 


*juezb jueWUZeAOH oy OF peppe Useq sey spew OS ebzeyo suL 
*SqueUuleqeqS peyst{Tqnd sqt uo sebzeyo ey sRZONpep Ang ‘uOoTIJeTOeAdep YyATM suOCTZezedo sqTt sebzreyo Od 


i 


treet c6S‘L SLT‘8 S9OT‘6 L90‘OT seoAoTdue 
JO zequnu ATuUAUOU shereAy 
T90‘6 = Ssve’s squerzb Hutpntout 
= OGG (SSOT) ewooUT HhuTQZezZedoO AeN 
OTL TEr1 09T‘OOT 6€8‘S6 067’SLT OLL‘S9T sesuedxe butjezedo [eIOL 
Oli 67 670’68 90S‘68 BPS‘ TOIT ccs 191 sesuedxe butjzerzedo 27ey 30 
(€) 1a es 8 eee’9 Ge lec €88‘Z SOTATES SpTsyNo 
udezbetTel pue suocudetTeyz 
0 (€) (€) €08‘TT s9e'T SOTAZTES SAeMOTOTW ZO SUTT PITM 
ae butjzeizedo 
Ti Est 09T‘ OOT PSTt‘TOT O67‘SLT TL9‘S6T squezb pue 
enueAet HutjZexzedo TeAOL 
o0€’zs 796‘9L - 0€9‘SPT - yTspueswy 
Cee VY 9GS 60E'8 976‘T SOLLAEL enusAez butzezedo 
buTyseopeorzgq—uou 7sayWAO 
voOV'cEe 798/T VEL‘ Or Cc aL eve LL HuTStTj7eaApe TeootT (q 
GLZ‘79 88L‘0Z TOL “eS 719’ 92 90T‘ POT buTtstjreape 
TEUCTIEN 8 YAOMION (2 
wOtTyZ SenuseAsy Hhutyseopeorzg 
enueAsy butTzezedo 
TW.LOL Dao SUOTReIAS Dao suot eas 
OCATIG SRZeATIAdG 
6S6T Z96T 


= 2606 


TABLE IV 


Communications Equipment Manufacturing and Electric Wire and Cable Manufac- 
turing Statistics (summary) 


Establishments 


Manufacturing Activity 


Production and Related 
Workers 

Manhours paid 

Wages 


Cost of fuel and electri- 
Gality, 
Cost of materials and 
supplied used 
Value of shipments of goods 
of own manufacture 


Value added 


Total Activity 


Working owners or part- 
ners 

Withdrawals 

Employees (total) 

Salaries and Wages 


added -- total 
activity 


Value 


a 
Source: 


Wineietes 


No. 


No. 
000 
$000 
$000 
$000 


$000 


$000 


No. 
$000 
No. 
$000 


$000 


1 
Communications Equipment; Electric Wire and Cable 


1968 


21 7po2O 
So peso 
144,700 
3,542 
289, 718 


674,468 


386,452 


14 
65 
43,117 
248 , 880 


402,276 


DBS Catalogue Number 43-206 


2 source: DBS Catalogue Number 43-209 


1961 


15,018 
30,979 
Sy, O20 


1,492 


ei, WAe 
251,084 


162,423 


9 
38 
24,000 
108 ,.753 


169,567 


1968 


S32 


Sy oe: 
12,380 
37,052 

39038 

206,914 


323,503 


110,303 


112,242 


1961 


25 


4,403 
CASS: 
IL) (S¥B38' 
1,843 
HOSRZ59 


163,300 


62,983 
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Chapter II 


The Historical Record 


i. introduction 

Although the telecommunications sector (here taken to include 
telephone, telegraph and cable, and broadcasting) is still a relatively 
small sector in the Canadian economy, its importance has increased substan- 
tially in the last twenty years. The contribution of this sector to the 
economy was about 1.76 billion dollars in 1968, or approximately 2.5 per cent 
of the gross national product, compared to 2.0 per cent for 1958 and 1.6 
per cent for 1950. Of the total contribution in 1968, close to three-fourths 
came from the "telephone industry", more than one-fifth from the "broadcasting 
industry", and the remainder from the "telegraph ett caw 

From another point of view, the rapid growth of the telecommunications 
sector relative to the economy as a whole can also be seen in the large 
consumption expenditures on various telecommunications services and in the 
growing impact of this sector on capital formation and employment. Demand 
for total telecommunications service, as measured by operating revenues of 
this sector, has been growing at an average rate of 9% per annum in the last 
12 years, a rate almost double that of GNP. In this chapter we review the 
historical movements of this sector for the past two decades. We must 
emphasize, however, that the main purpose of this review is to provide a 
"description" rather than an "explanation". While casual observation may 
occasionally suggest some tentative conclusions, systematic explanation is 


left to subsequent chapters. 


fror percentage contributions of the "communications" sector to the Canadian 
economy over the recent past, see Table A in the appendix to this chapter. 
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In the next section, changing patterns of demand for various types 
of telecommunications service will be described. The following section reviews 
the structure and the level of prices charged on various telecommunications 
services, as well as on inputs required for providing these services. Histor- 
ical trends in inputs of capital and labour and some measures of factor 
productivity in the telecommunications sector over the period will be analyzed 
in Section 4. Section 5 will be concerned with capital formation in the 
sector, while Section 6 depicts briefly the role played by the sector in the 
Canadian economy overall. Finally, comparisons of the regional distribution 


of,and regional trends in,telephone services will be made in Section 7. 


2. Output 

Telecommunications services in Canada are provided by the 
telephone and telegraph and cable common carriers providing two-way communi- 
cation between specified individuals, and private or public broadcasting 
stations providing one-way transmission to a general audience. Since 1950, 
total service as represented by the revenues received by these three industries 
has been growing more or less steadily at an average annual rate of 9%. Between 
1950 “and 1967 it rose from less than a third of a billion 1967 doliare vce 
close to 1.8 billion, a six-fold increase. Among the three subsectors, the 
telephone industry accounts for more than two-thirds of total revenue, a 
pattern which has remained virtually unchanged since at least 1956. Details 
of the supply-and-demand patterns for the period 1956-67, the period for 
which comparable revenue data for all three industries are available, are 
presented in Table B in the appendix to this chapter. Since we lack 
comparable breakdowns on various types of revenue in constant dollars, 


we shall deal with each industry separately in the discussion that follows. 
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We shall begin with the telephone industry. The telecommunicat- 
ions revenues generated by this industry have grown from 199 million dollars 
in 1950 to 1,268 million dollars in 1968, an impressive average annual rate 
of growth of 9.8%. In the same period population has grown at a rate of 
2.4% per annum, from 13.7 million to 21.z million. This means that the average 
Canadian spent $43.42 (directly or as an element in the cost of goods purchased) 
on various telecommunications services provided by the telephone industry in 
1968, as compared with $8.70 in 1950. Even after taking into account the 
increased prices of telecommunications services (except long-distance rates, 
which have fallen), the per capita supply of or demand for "telephone" services, 
as measured by constant dollar revenues per head, has still grown at a hand- 
some rate of 6.6% per year, well above the rate of growth of per-capita gross 
national product in constant (1967) dollars (2.0% per year). 

Although the rapid increase in demand for total "telephone" 
services in the past is impressive, the growth of demand for different types 
of services is far from uniform. In general, the evidence suggests that, 
although the conventional voice message is still the dominant form of "tele- 
phone" service, the great advance in telecommunications services in the past 
decade has been in machine-to-machine communication. Transmission of 
computer data from one location to another has apparently grown so rapidly 
during the past few years that within a very short time the volume of data 
communications may, as predicted by many in the field, exceed that of voice 
communications. Unfortunately, however, precisely how rapidly machine-to- 
machine communication, voice messages, and other communications services 
have grown is unknown, since present records frequently do not separate 


services in these categories. With the available data, about all that we 
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can do is to compare the changes in the pattern of telephone services in 
the following three categories: "local", "long-distance", and "other" 
(including advertising, rental, and miscellaneous). This last category 
includes all revenues from leased private wire. 

Among these three categories, toll telephone has advanced 
most ‘quickly; rising from S7O0°milivon inelloO toro4olrmiliion in’ toc; ) an 
average annual rate of increase of 10.7%. Compared with the average rate 
of growth of 9.4% per annum for revenue from local services and of 8.6% 
for revenue from other sources, the dramatic growth in the demand for 
long-distance telephone services in the past two decades is obvious. 

This comparison, however, does not take into account changes in the prices 
of different telephone services. Throughout this period long-distance 
rates decreased; the price for local telephone services remained vir- 
tually unchanged, and the prices of other services (as well as of most 
other goods) increased steadily. Prices for operator-handled messages 

or other special services have risen Pesci ihe In view of these price 
changes, the differences in the rates of growth of different telephone 
services are considerably understated by the current-dollar figures. 

If we apply the price indexes derived by Bell Canada for their revenues 

to the telephone industry as a whole, the annual growth rate of toll 
service rises to 12.9% between 1952 to 1967, compared with 8.6% for 

local services and 6.8% for other services. The changes in the distribution 


of telephone services for the period 1952 to 1967 are shown in Table I. 


ee Z 
See next section below. 


3 : [ " ew ' : ; 
These indexes are reported in R.E. Olley, "Productivity Gains in a Public 
Utility -- Bell Canada 1952 to 1967", paper delivered at the Annual Meeting 
of the Canadian Economics Association, Winnipeg, June, 1970. 
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TABLE I 
Patterns of Telecommunications Services - The Telephone Industry 


(percentage distribution) 


: 
Local Services Toll Services Other Services 


(1) (2) (3) 


Services are measured by various types of revenue (reported in DBS Telephone 
Statistics) deflated by Bell Canada's revenue deflators (taken from Olley, 
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From this table it is evident that, as a proportion of total revenue, "toll 
services" is increasing substantially, while “local services" and "other services" 
are both declining, despite the fact that the introduction and continued expansion 
of Extended Area Service has the effect of transferring revenues from the "toll" 
category to the "local service" category. 

Since the category "other services" includes revenues from leased lines, 
it is inctersting that the proportion of revenues in this category should be 
falling. On the other hand, many data transmission piesa are included within 
"other toll" revenue, and this (along with the declining relative price alluded 
to earlier) helps to account for the rapid growth of toll revenue. Although it 
is impossible to make any direct observations on this point from the information 
for the telephone industry as a whole, evidence from Table C in the appendix to 
this chapter and data provided by Bell Canada and CN/CP Telecommunications 
supports this argument. For instance, by far the fastest growth in Bell Canada 
revenue is achieved in the "other toll" component which includes revenues from 
Telepak, TWX, WATS, and BLosdn andes In constant (1967) dollars this category 
grows from $1.6 million in 1952 to $45.1 million in 1967, implying an average rate 
of increase of 25% per year. An even higher rate of growth occurred in CN/CP 
revenues from Telex and broadband services, for between 1958 and 1967 these grew a 
a rate of 27.2% per annum, which surpasses the growth rates of the other services 
offered by CN/CP Telecommunications. 

Let us now turn to the telegraph and cable industry. This industry supplied 
117 million dollars worth of telecommunications services in 1968, which accounts 
for nearly seven percent.of the total services originating from the tele- 


communications sector. Over the past nineteen years, "telegraph" 


5 Olley, op. cit. 
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services have been growing in gross terms at an average rate of 8.1% per 
annum, which is slower than that of the "telephone" services. Primarily, 

this is the result of constant decline in the demand for telegraph messages. 
In constant (1967) dollars, revenue from public messages increased slightly 
Prom 2/sceni410n dollars inslo50rto 32.9 mibliensdollarsyins1953;s sence 
then it has been declining steadily to a low of 12.1 million dollars in 

1968, nearly a three-folds reduction. This declining trend is also reflected 
in the number of telegrams transmitted, for between 1952 and 1968 the number 
of telegrams transmitted by the telegraph and cable industry fell from 

19.0 miilion to: 7) milion. 

There are, of course, other "telegraph" services whose growth 
rates are nil or very low and which are also responsible for a slower 
rate of growth for the total telegraph services. These are cables, press 
messages, money order services, and messenger errand. On the other hand, 
as pointed out earlier, the fast growth in the telegraph services is in 
the telex and broadband. The time pattern of these and other telegraph 
services is given in Table II. 

Since the first radio station opened in 1918, the service 
provided by the broadcasting industry has grown to startling prominence in 
the daily life of the Canadian family. At present, radio broadcasting 
reaches about 99 percent and television broadcasting more than 96 per cent 
of the Canadian population. In the past 13 years total broadcasting 
service, as measured in operating revenues (including government grants to 
CBC), has grown at an average rate of 8.6%, from 132.2 millions of constant 


(1967) dollars in 1956 to 357 million in 1968. The fastest growing service 


PATTERNS OF TELECOMMUNICATIONS SERVICES - 
THE TELEGRAPH AND CABLE INDUSTRY 


(percentage distribution) 


Public messages, Private wire 
cable and money and rentals Broadcast 
order 


(1) (2) 


Source: Calculated from data provided by CN-CP Telecommunications 
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provided by this industry is achieved in the "other" category which includes 
studio rentals, special program royalties, and miscellaneous non-broadcasting 
revenue. This component has grown at an average of 22.5% per annum, 

compared with a rate of 7.0% per year for local advertising, 8.2% for 

network advertising, and 9.5% for federal government grants. The comparison 
of distribution of services provided by the broadcasting industry is presented 


ine cable Wiis 


3. The Level and Structure of Product and Factor Prices 

In the above we have taken deflated operating revenues as a 
measure of telecommunications services. Undoubtedly, such a measure will 
depend, among other things, on the level as well as the structure of 
rates charged on various services, which in turn are related to the costs 
of the service. It is , therefore, desirable to see the historical trends 
of prices and costs of the services. In this section only product and factor 
prices are discussed. Quantities of inputs will -- along with measures of 
factor productivity -- be given in the next section. 

Consider first the structure of telephone rates. The domestic 
structure of telephone rates is highly differentiated and, in large part, 
discriminatory for the purpose of attracting as many customers as possible. 
Essentially, telephone rates must be distinguished between the two types 
of basic (local and toll) services on the one hand and special services 
and equipment on the other. For the local-exchange service, the customer 
pays a monthly rate which, with a few exceptional cases, does not depend 
on the number of calls but depends on the size of the local exchange 


area and on the number of extension and party lines. For example, in the 
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CABLE een. 
PATTERNS OF TELECOMMUNICATIONS SERVICES - THE BROADCASTING INDUSTRY 


(percentage distribution) 


| Year Nation-wide Local Station Other Government 


Advertisement Advertisement Sources ‘Grant (CBC) 
(1) (2) (3) (4) 
1956 eee 
1957 Shee 
1958 S725 
1959 40.9 
1960 See 
1961 3642 
1962 S632 
Tos 36.6 
1964 RIES) 
1965 Seay 
1966 36.9 
1967 Boe 
1968 3552 


Services are revenues (available in DBS Radio and Television Broadcasting) 


deflated by GNP deflator. 
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areas served by Bell Canada with over 250,000 main telephones (such as Toronto 
and Montreal) the rate schedule is the Polen (nee 


Business services: 


One party line $16.25 per main telephone per month 
two party line not offered 
trunk line $24.25 per month 


Residence services: 


One party line $5.85 per main telephone per month 
two party line $4.50 per main telephone per month 
multi-party line $4.00 per main telephone per month 
extension phone $1.25 per month. 


Unfortunately, there is not enough information about the changes 
over time in local rates to put together a price index for local-exchange 
services for the telephone industry as a whole. The best approximation 
available is the price index for local revenue derived from Bell Canada data 
Poretnerperni0d of 1952-6/7 whichis is given in Figure 15 It is clear from this 
figure that the price of local exchange services edged up slowly between 
1952 and 1958, but has remained steady since Tosee° 

With respect to toll-telephone services, the rates vary according 
to a) distance, b) duration of a call, c) time of day and day of the week, 


and d) whether station-to-station or person-to-person. In general, toll 


prnege rates are provided by Bell Canada for the rate group #11. 


ven . 
This could be about to change, however, for since September 1969, Bell 
Canada has been asking permission to increase local rates. 
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charges increase with distance (but at a decreasing rate) and the duration of 
a call; rates are lower on station-to-station than person-to-person calls 

and higher during the peak business hours than during the night-time. A 
comparison of the toll cost for a five minute call between two points 350 
miles apart is illustrated in Table IV and in Figures A to D in the appendix. 
Over the last two decades or so, charges on station-to-station calls have 
been either declining (in the case of intra-Bell toll calls) or increasing 
very slowly, at a rate much lower than that for person-to-person calls. 

For a comprehensive picture of changes in the price of long- 
distance services as a whole, we must refer to the price index for toll 
revenue derived by Olley from Bell Canada Bae This price index is plotted 
in Figure I along with the other Bell deflators. It is readily seen from 
this figure that the price of toll service was virtually unchanged between 
O>2rand 1958 and: increaseduslightly in) 1959 and; 19600; since 1961 the) toll 
charge has fallen steadily. 

Also in Figure I is the price index for other revenues such as 
directory advertising, rentals and miscellaneous categories derived from 
Bell Canada data. Since revenues in this category are from many different 
sources, one should expect the price to vary closely with the GNP deflator. 
Indeed, as may be observed from the figure, this is the case. 

As mentioned above, the telegraph and cable industry provides 
a wide variety of domestic and international services. Unfortunately, how- 


ever, most of the prices of these services are not easily summarized from the 


complex terms of the individual contracts governing equipment leasing or use. 


Sone: Ops, C1t. 


Day Night 
Year Station Person Station Person 
ARMS Mae I chen Ih imi Ml tes i 
Sept. 1945 2, 30 2 O Weis es tle} 8) 
Jan. 1951 2030 210 es 1250 
May 1953 PRY ES) 3.30 bikewls 75) 2.40 
June 1959 PL i 3.60 Zeon 2.90 
November 1960 Pd he 3.00 2.05 2290 
May 1962 20 3255 PMG 2.295 
June 1964 2000 Sr DD 2-00 2.95 
March 1966 Peper ee Abs te 2.00 2.95 
Sept. 1968 2eDo 6 pee ees a) 22.05 
ONTARIO AND QUEBEC 
Sept. 1945 3.400 3..60 PS ZnS 
July 1950 22 LO 3760 L380 230 
November 1958 3.00 4.05 2205 Jie 
June 1959 ae 4.05 2605 a3 
Nov. 1961 20 3.40 etsy. 3.40 
March 1966 rae e) 3.40 £250 3.40 
July 1968 220 320 1.50 3.40 
October 1969 20 4.500 Denes 4.00 
January 1970 2a) 4.00 Tats) 4.00 
UsS.A. (LONG .LINES) 

March 1943 PISS 2.25 Leis Lbs 
July 1945 Leo 2225 La Ws ie 
February 1946 Ges ays: i o5 Leos 
February 1960 2 2.2/0 1.40 pe ale 
January 1967 pees WS 270 1.20 Peels 
March 1969 221.0 210 1.40 2.00 
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TABLE IV 


Charge for 5-Minute Telephone Call 


Between Points 350 Miles apart 


(Three selected toll schedules) 
Trans-Canada 


nie 


The only information available to the public is the telegraph va The 
rates for telegraph messages are determined by a) the air-line distance of 
the two points between which the messages are transmitted, b) the number of 
words per message, c) the type of service used, and d) geographical location 
of the service demanded. The rate for a fifty-word night letter is approxim- 
ately 80 per cent of the charge for a fifteen word full-rate telegram. For 
reference, the current rate structure is given in Table V. 
To measure variations over time in the telegraph rates we have 
constructed three sets of priereons Upon experimentation we found one set 
to be slightly better on statistical criteria, and this series is plotted 
in Figure II. The figure indicates that telegraph rates have increased 
substantially since 1950, a trend which presumably reinforces any shift toward 
long distance telephone service (whose rates are declining) as a substitute. 
Costs of telecommunications services depend on prices as well 
as quantities of the inputs required in providing these services. At the 
aggregate level, inputs for telecommunications services are classified into 
capital (including land), labour, and intermediate goods. While satisfactory 
measures of inputs are hard to find, 1t ds novless difficult to obtain 
information on input prices. For the capital stock, we have a telephone 
plant deflator constructed by Bell Canada from a survey of its telephone 


equipment and construction stocks in 1965. From Figure III, this index 


In conversation the people in this industry indicate that the charges on 
the services other than telegraph messages have undergone little or no 
change in the last decade. 


9 - : ; 
For a description of these indexes, see Chapter III of this report. 
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TABLE V 


Rate Structures for Domestic Telegraph Services -- Atlantic Provinces 


Full-rate telegram Night letter 


' 


Air-line 15 words next 10 words each word 50 words each 10 words or 
distance or less each word over 25 or less less over 50 

0 = 250 plas: 
251-450 .20 
451-750 23 
751-1050 Ae 
1051-1600 ep 
1601 + over PS 


Rate Structure for Domestic Telegraph Services -- All Other Provinces 


Full-rate Telegram Night Letter 


Air-line 15 words next 10 words each word 50 words each 10 words or 
distance or less each word over or less less over 50 
0-250 .18¢ 
251-450 Spe 
451-750 425 
751-1050 ae!) 
1051-1600 oe 

1601 + over -40 


Source: Telegraph Tariff Book 
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suggests that the price of telephone plant as a whole has been relatively 
stable between 1952 and 1965, showing substantial gains only in 1966 and 1967. 
Together with the Bell Canada telephone plant deflator, Figure III also 
presents the price indexes for acquiring new physical plant by the tele- 
communications sector as a whole. Strictly speaking, these two sets of 
price indexes are not comparable since they are derived from different 
data and for different purposes. However, it is interesting to note that 
the prices of investment goods have risen faster than that of capital stock, 
reflecting at least partially the rapid technological progress in this sector. 
For wage rates in each of the three telecommunications subsectors, 
the only comparable data are the average annual wages and salaries per 
employee of the individual industry; these data are presented in Table Nagas 
From Table VI one sees that average annual wages in this sector have increased 
steadily over the period under review, with those in the telegraph and cable 
industry growing at the fastest rate. Comparing wage rates among the three 
subsectors we find that the broadcasting industry appears to pay about 14% 


more per man per year than the other two subsectors, a result which presumably 


reflects the relative scarcity of positions for unskilled labour in this activity 


10 ; ‘ 
These measures suffer from many defects. Perhaps the most serious is that 


they do not take account of changes over time in the composition of labour 
inputs. This is especially obvious since 1958 when TCTS introduced direct- 
distance-dialing, which reduces the number of telephone operators relative 
to that of other categories of employees. Another defect arises from the 
fact that no adjustment is made for changes in the numbers of working hours. 
Even if these defects could be overcome, these measures still could not be 
taken as the annual wages of an average employee since, while the salaries 
and wages are for both full-time and part-time employees, the total number 


of employees reported for the telephone and the telegraph and cable industries 


are for full-time only. Despite these defects, however, these measures of 
labour cost are better than no measure at all. 
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For Bell Canada, we have a wage rate as well as the average annual wages 
of full-time employees; both of these are given in Table Vi. The only price 
index for intermediate goods available is for Bell Canada, and this, too, is 


included in Table IV. 


TABLE IV 


Average Wages and Price Index of Intermediate Goods for the 
Canadian Telecommunications Sector 


TELEPHONE TELEGRAPH BROADCASTING BELL CANADA’ Price Index 
Year $/man/yr. $/man/yr. $/man/yr. S/man/yr. $/hr. of Intermediate goods 
(1) (2) (3) (4) (5) (6) 


-7416 


1953 2843 2907 Goes Loe ~7421 
1954 3058 2960 3818 205 ~ 7541 
L355 S107 2n37 3264 ae ert ened) 
1956 3255 3204 3820 3500 2.20 Misti) 
LOST 3438 3380 3965 3947 Pepe | - 8004 
19958 3836 3560 4156 4351 Zee get at] 
1959 4085 3784 4478 4374 rahe ¥) - 8300 
1960 4333 3848 4717 4558 2.68 -8414 
1961 4536 4195 4834 4805 2.90 -8436 
1962 4638 4227 207 5027 310 -a309 
1963 4931 4470 5415 5284 Sieg! i) peu bk, 
1964 5016 4817 2139 a7, Soee - 8948 
1965 SSLy 5203 6050 . 5611 an ioe 29200 
1966 eed 5648 6494 6019 cers 9673 
1967 6000 6229 PPAETS) 6435 ERS P 3 1.0000 


Sources: (1) DBS Telephone Statistics 
(2) DBS Telegraph and Cable Statistics 
(3) DBS Radio and Television Broadcasting 


(4), (5), and (6) R.E. Olley, “Productivity Gains in a Public 
Utility - Bell Canada, 1952-67" 
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4. Inputs and Productivity 


Definitions of input vary with the context. In productivity 
studies, for example, inputs are supposed to represent the real (flow) 
contributions of factors to the production process; a choice of measures 
of input then cannot be divorced from the measurement of output. In 
reality, however, no such ideal measure is possible. At the industry level 
in the telecommunications sector, we have only stock measures such as 
employment as a measure of labour services, and costs of physical plant 
aS a measure of capital service input to individual industries. For 
Bell Canada, in addition to these two measures we have data on manhours 
and intermediate goods. 

In 1968 the Canadian telecommunications sector as a whole 
employed 96,000 people, accounting for about 1.3 percent of the total 
employed Canadian labour force; it also employed 9.1 billion dollars worth 
Grecapital enka te the same year... Since the end of World War II, the 
labour force employed in the telephone industry has experienced a two-stage 
growth. Before 1957 and after 1961 the number of full-time telephone 
employees increased steadily, while in between these two periods this number 
declined significantly, apparently reflecting both the catching-up of 
deferred demand from World War II and the reduction of telephone operators as 


a result of the introduction of direct-distance-dialing. On the whole, however, 


i, : 
This figure is the estimated cost of physical plant for this sector at 
the end of 1968 (DBS data). 
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the number of full-time telephone employees has grown at an average of 
4.5% per year between 1941 and 1967. 

In the telegraph and cable industry, the labour force has 
experienced a continued decline since 1958, from 11,000 employees down 
to less than 9,000 in 1968 (a decrease of 12 per cent). Presumably this 
decrease reflects the reduction in the number of employees (such as 
messengers) handling telegrams, and other impacts of general automation. 
Nevertheless, the average rate of change in the labour faves of the 
industry between 1941 and 1967 is still positive at 0.8% per year. 
Employment in the broadcasting industry has been increasing over the last 
13 years, with the rate of growth averaging 5.2% per year. Table VII sets 
out the number of employees in each industry for comparison. Also included 
in this table are data on manhours and number of employees for Bell Canada, 
which accounts for about two-thirds of the total telephone employees. 

Table VIII shows that capital input, as measured by the cost of 
physical plant, has been growing steadily over the period. By 1967, the 
cost of physical plant had grown to $5,011 million for the telephone 
industry and $495 million for the telegraph and cable industry, almost 
five times that in 1952 for each Spake fea The average annual rate of 
increase in the capital stock over this period was 11.1% for the telephone 
industry and 10.8% for telegraph and cable. 

For the telephone industry, we were able to construct special 
measures of net capital stock for equipment and construction taken separately. 
These are based on actual capital expenditures, a survival curve provided by Bell 


Canada for telephone plant, and on an assumed 5% annual decay of the existing capital 
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TABLE VII 


Labour Input of the Canadian Telecommunications Sector 


Telephone elegraph and Broadcasting BELL CANADA 
Year ndustry Cable Industry Industry No. of employees | No. of manhours 

No. oe (No. of (No. of (millions of hours) 

mployee employee employee 

1950 45396 
iisheph 47387 
Loo2 48207 30,000 50.2 
z953 50540 | Sie late S057 
1954 Sla29 34,600 Baad 
1955 55673 37,800 S852 
1956 60121 39,400 S201 
1957 | 64074 39,200 65.3 
1958 61400 3,000 64.0 
5959 58826 35,000 a7 8 
1960... 4. 57670 34,000 54.6 
1961 56322 32,900 54.5 
LIG2 58091 33,600 bo .L 
1963 58416 33,800 WARS 
1964 60829 | 34,500 Do 5) 
1965 63467 | i 36,500 62.3 
1966 | 68154 | | 37,500 60.4 
1967 68431 ' 36,800 


Sources: DBS Telephone Statistics 


DBS Telegraph and Cable Statistics 
DBS Radio and Television Broadcasting 


B.E. GOlliey, “Productivity Gains in a Public Utility -~ Bell 
Canada, 1952-67" 


Year 


1950 
ToL 
is Jey 
£953 
1954 
1955 
1956 
157 
E956 
LOSo 
1960 
LIoL 
1962 
L963 
1964 
2965 
1966 
1967 


Gross Stock of Capital: 
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TABLE VIET 


Telecommunications Sector 


(millzons of “current dollars) 


TELEPHONE INDUSTRY 


Cost of Plant 


807 
910 


| 

| 

| 1028 
| 1152 
1302 
| 1471 
| 1672 
| 1942 
2203 
2445 


2692 


2924 
S192 
S510 
3809 
4127 
4545 
5011 


Accumulated 
Depreciation 


218 
234 
246 
2179 
304 
330 
366 
412 
460 
541 
Do 
618 
676 
162 
851 
255 
1069 
1201 


Cost of Physical Plant of the Canadian 


TELEGRAPH AND CABLE INDUSTRY 
Coston lant 


100.2 
110.8 
Liges 
124.3 
1502.0 
16923 
199028 
22000 
267.4 
29906 

336. 
BOL 
425.3 
447.3 
474.8 
494.5 


Source: DBS Telephone Statistics (Cat. No. 
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56-203) 


Accumulated 
Depreciation 


23.5 
26.0 
rhe, 
go 
35.2 
39.7 
46.7 
40.6 
AAG 
57.7 
69.0 
81.5 
99.5 

115.4 

133 33 

147.9 


DBS Telegraph and Cable Statistics (Cat. No. 56-201) 


<a 


stock due to obsolescence. These series, which are tabulated in Table IX, 


along with the number of telephones and the net capital stock measure 
constructed by R.E. Olley for Bell Canada, have been used in the telephone 
investment equations in Chapter V. 

Thus far we have only described the telecommunications sector by 
its historical record separately on output prices, employment, and capital 
stock. It would be interesting to relate these series to one another ina 
way which yields a more comprehensive picture of the sector. One of the most 
useful devices for this purpose is the construction of indexes of factor 
productivities. To this end, we have calculated crude measures of average 
factor productivity in the form of output-labour and capital-output ratios. 
These are shown in Table X. 

It is apparent from this table that the average output-labour 
ratio for the broadcasting industry is higher than that for the telephone 
industry which in turn is substantially higher than that for the telegraph 
industry. While the telephone and the telegraph and cable industries 
require large numbers of operators and repairmen in customer service, the 
broadcasting industry requires many fewer such employees. 

On the average, the productivity of the whole sector (measured 
by output per employee) increased steadily over the period 1956-67 at an 
average rate of 7.0% per year. Compared with the rate of growth of 4.1% 
in output per person employed for the Canadian goods-producing industries 
as a whole and 4.0% per year for the Canadian manufacturing sector for the 
same period, this rate of growth is surprisingly high. However, such a high 


rate of growth may not be unreasonable for this sector in view of the fact 
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that the introduction of automatic switching systems near the middle of 
the period sharply reduced the required number of telephone operators and 
thus raised the output-labour ratio. Indeed, had the output-labour ratio 
been calculated for the period 1950 to 1967, its value would’ be signifi- 
cantly smaller. This observation has been confirmed by Olley, using data for 
Pou Canatae. Moreover, even though our result is not strictly comparable 
with Olley's, it is worth noting that our rate of growth in output per 
employee for the total sector is still much below the average annual per- 
centage changes of 10.1% in Bell Canada's output per man hour .13 
Among the three subsectors, labour productivity in the telephone 
industry has grown the most rapidly over the period under review, rising at 
7.9% per year compared to 7.0% per year in telegraph and cable and 3.7% per 
year in broadcasting. * 
From the same table we also observe that the capital-output 
ratio in the telephone industry has been relatively stable (between 3.5 and 4.2) 
over the period covered. The peak was reached at the end of the fifty's, 
and reflects both the heavy investment and the slow increase in revenues 


which occurred during those years. The telegraph and cable industry had 


about the same capital-output ratio as telephone, except in the early fifty's. 


WW: 
See Table 18 in Olley, op.cit. 


3 : . ; 
In the light of reduction in manhours worked per person, the rate of growth 
in output per manhour must be even higher than in output per employee. 


These rates are considerably higher than those of 6.3% for communications 
and 2.6% for radio and TV broadcasting estimated from U.S. data by Clopper 
Almon, Jr. in The American Economy to 1975 (Harper and Row, 1966), p. 127. 
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As for the broadcasting industry, the capital-output ratio is substantially 
smaller than that of telephone and telegraph and cable. Partially at least 
this is due to the fact that intermediate inputs, which are relatively 
more important in the operation of the broadcasting industry than in either 
telephone or telegraph and cable, have not been excluded in our output 
measure. Nonetheless the capital-output ratio would seem to be stable for 
the broadcasting industry over the period. 

One may note that our estimates of capital-output ratio for this 
sector appear to be lower than those calculated by ee The 
difference is in the fact that White's capital-output ratio is based on the 
gross stock of capital, while ours is based upon the net stock. Based 
on gross cost of physical plant, the capital-output ratio for both the 
telephone and the telegraph and cable industries between 1952 and 1963 is 
of the order of 5.54 as compared to an average of 5.85 estimated 


16 
by White for the same period. 


L5 
D.A. White, Business Investment to 1970, Economic Council of Canada, staff 


Study No. 2. 

16 ; 
The remaining difference can be attributed to an exclusion of the Post 
Office and the fact that, while White used net income generated from the 
sector ‘as his output measure, we use the gross product which 
includes the value of intermediate goods. 
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5. Capital Formation 

A preliminary estimate by DBS of total investment outlays 
on new equipment and construction by the Canadian telecommunications 
sector (including broadcasting), in 1968 is 695.7 million dollars, 
which is about 21.4% of total investment expenditures by the utility 
sector as a whole, and 7.4% of national business fixed capital 
formation (excluding residential construction and inventory change). 
Of this total investment demand, over 90 percent was generated by 
the telephone industry. The remainder was divided almost equally 
between the telegraph and cable industry (5.2%) and the broadcasting 
industry (4.7%). 

Although fixed capital formation by this sector has fluctuated 
with the whole economy (reflecting, in particular, the decline in 1959-61), 
it has nonetheless experienced substantial expansion over the last 
two decades. The average rate of growth in these outlays in constant 
(1967) dollars has been at a rate of 8.7% per annum, compared with an 
average rate of growth of 5.8% for total business investment in 


equipment and construction over the same period. 


From the information set out in Table XI, it is possible to com- 
pare the patterns, as well as the rates, of growth in investment outlays 
by each industry. The first thing to note is that the fastest) race or 
expansion is achieved by the broadcasting industry: between 1950 and 1968, 
investment outlays by broadcasting grew at an average rate of 13%, compared 
to 7% for telephone and 9.2% for telegraph. The heaviest investment in 
broadcasting has been in the past few years, reflecting the introduction 


of colour TV and cable TV. 
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A second item of interest is the fact that between 1950 and 
1968 the telephone industry passed through two periods of rapid growth, 
both associated primarily with the construction of Trans-Canada microwave 
systems by TCTS. The first period took place around 1954-58 during which 
the first Trans-Canada microwave system was completed. The second period 
began in 1965 and continued until the second microwave system was completed. 

To compare the major forms of investment by the telephone industry 
over the period, Figure IV is provided. It is evident that investment 
outlays both on telephone equipment and machinery and on construction 
fluctuated roughly in concert, although expenditures for equipment and 
machinery expanded relatively faster than for construction. Among other 
things, this divergence implies that the impact on the economy of each 
dollar of investment by the telephone industry has been reduced since the 
import content of expenditure on equipment is normally higher than that 
of construction. 

Gross investment of the telegraph and cable industry has been 
more volatile than that of telephone. Close to half of the 537.7 million 
1967 dollars invested in total over the years from 1950 to 1968 were spent 
between 1960 and 1964, during which the CN-CP trans-continental microwave 
systems were constructed. In 1963 alone, 73.1 million 1967 dollars was 
invested, which is more than double the investment of any year before 1960 


or after 1964. 
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TABLE XI 


Capital Expenditure on Equipment and Construction 


by the Canadian Telecommunications Sector 


(millions of 1967 dollars) 


TELEPHONE TELEG. , RADIO BROADCASTING 
& CABLE 
Year Equip. & Con- Total Total Equip. & Con- Total 
Machinery struction Machinery struction 

1.4 6 320 
2.6 1.4 4.0 
250 2.6 Sy 
bel 52k 1Os2 
DIS ee: Lene 
Ba etal L523 
Le 4.8 PE ey: 
ad 4.8 AN ae 
Se 2.4 LOLS 
10'..3 4.7 15.0 
ese) See: 2650 
L226 ib 2357 
L022 4.8 LS 
11.0 Ga2 aye 
LA. 6.3 23.3 
15.4 fhe 22:9 
39.0 8.0 47.0 
26.0 7 0 3300 
24.8 6.8 3156 


Sources: DBS Private and Public Investment in Canada 
DBS Business and Finance Division Data 


DBS Telegraph and Cable Statistics 
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6. Rolle of EhesSectonm ean Interindustry Flows 


The input-output table for Canada for the year 1961 has just 
been published by pps;1/ examination of this table reveals some interesting 
features and confirms some intuitive impressions as to both the character 
of the sector and its relation with other sectors of the economy. The 
telecommunications sector together with the Post Office appears as 
"communications" (#57) in the DBS 65-industry input-output classification. 
The communications equipment manufacturing sector appears as "manufactures 
of communications equipment including wire" (#44) in the same classification. 
In our discussions below, "communications equipment" refers to sector #44, 
"communications services" to sector #57. 

Looking first at communications services, we gare that of each 
dollar of sales, only 22¢ goes to raw materials, the remainder being 
distributed to input services, 44¢ in wages and salaries, 2¢ in indirect 
taxes, and 37¢ to a package item representing profits, profits taxes, 
interest, dividends, and capital consumption allowances -- roughly, a pay- 
ment for use of capital goods. The apparent excess of payments over 
receipts is balanced by a government subsidy of 6¢, recorded as revenue 


LOw tiie 1ndusicry « 


17 DBs The Input-Output Structure of the Canadian Economy, 1961, Volumes I 


and II. “Catalogue Nos. 15-501 and -15-502. 


180s 15-501, Table 9. 
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Turning the question around, and asking what additional deliveries 
of materials or inputs of services would be required to deliver one additional 
dollar of final demand for telecommunications services, we ager that there would 
be 56¢ in wages and salaries, 44¢ in payments for capital service, 2 1/2¢ 
to unincorporated business and 3 1/2¢ of indirect taxes. The excess of 
6¢ is paid to the industry as government subsidy. 

The story is very little changed whan account is taken of import 
PaaRaeaeron erie seg the fact that communications services create. few 
demands for inputs that are provided from abroad. (In the present example, 
2¢ of the 56¢ flowing to labour, and 1¢ of the 44¢ flowing to capital, would 
be diverted to imported services. Industry activity levels are very little 
affected.) 

With respect to communications equipment, the importance of raw 
materials is greater. Of each one dollar value of sales, 49¢ may be imputed 
to primary services (37¢ to wages, 11¢ to capital, and 1¢ to indirect taxes) 
and 51¢ to raw materials. No subsidy is recorded to this industry. 

Of the-raw materials cost, one sees 12°1/2© to “other primary 
metals", 10¢ to intra-sectoral sales, 5¢ to financial services and operating 
supplies, and a penny or two to rubber products, conducting and refinery 
produets, metal stamping, electronic equipment, plastics and synthetic 


resins, trade and transport, none of which is surprising. 


DBS 15-501, Table 10, ignoring all import leakages. 


) 
DBS 15-501, Table ll. 
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Again turning the question around to consider the changes in 
industry activity levels and factor inputs required to produce one dollar 
of communications equipment for final demand, tracing all derived demands 
back to their primary inputs (but ignoring import leakages), one finds 
66¢ in labour services, 28¢ in capital services, and 5¢ in indirect taxes 
or net income of unincorporated business. Taking import leakages into 
account, these numbers fall to 57¢, 23¢, and 4¢ respectively. Thus, of the 
dollar of final demand for communications equipment, 15¢ in factor payments 
ultimately flows abroad. 

Thus, to summarize the conclusions from this review of the relation- 
ships shown in the input-output table, we may observe that the communications 
services sector is, in terms of direct inter-industry relationships, highly 
capital-intensive, and relatively less dependent on either raw materials or 
imported services. To serve an increased final demand of one dollar for tele- 
communications services would entail inputs which ultimately could be traced 
back to wage payments of 56¢ (2¢ abroad) and capital service or depreciation 
of 44¢ (1¢ flowing abroad) together with public subsidy of about 6¢ (presumably 
to post office activities or the CBC). Communications equipment manufact- 
uring is apparently less capital-intensive, more heavily dependent on raw 
materials, and ultimately upon imported supplies. To provide for an increase 
in final demand of one dollar's worth of communications equipment entails 
a chain of increased inputs which ultimately can be traced back to wage 
payments of 66¢ (9¢ flowing abroad), capital payments (including depraciation) 
of 28¢ (5¢ flowing abroad), and other services of 5¢ (1¢ flowing abroad). 


Tables XII and XIII, which have been compiled directly from the DBS 1961 


input-output tables, briefly summarize the direct and indirect effects 
on materials or service inputs of one doklar of final demand for communications 
services or communications equipment, with or without import leakages. 

Although the DBS input-output table for the year 1949 is not 
strictly comparable with that for 1961, it is interesting to note that 
nearly 30 per cent of net output in communications services waS paid out 
for intermediate inputs and 70 per cent for labour and capital services?! 
Only one-tenth of one per cent was for imported inputs. On the other 
hand, 57 percent of this net output was used by other sectors of the 
economy as intermediate products, and the remaining 42% was entirely 


; : 22 : 
for final domestic demand. Tables D and E in the appendix set out separately 


the inter-industry flow of goods and services to and from communications. 


- DBS 13-513, table 5. 
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TABLE XII 


Communications ComefEquips )incils 
Coli oy Wire, Col. 44 


Table 10" Table Ul Table 10 Table wt 


Metal Mines -030 
Rubber Prod. Mfg. 2018 

Pulp & Paper Mills SUS 

Print Publishing Oh ing 

Iron, Steel Mills O53 3035 
Smelt.,.Refining FLOZ nf Be 4 
Oth. Primary Metals 235 -LO6 
Metal Stamping O22 F016 
Other Metal Mfg. “036 . PW eh 
Machinery (Nec) Mfg. sUL? 

Elec. Ind. Equip. 5037 .028 
Com. Equip. & Wire 15053 2.022 
Othe Elec *Pred. ind. 2039 “Uo6 
Plastic, Syn. Resin .024 

Oth. Chem. Ind: .034 SULT 
Misc: Mig. Giid. 2023 TOLG 
Construction -040 2039 O07 

Trade, Wh. & Retail -024 ye PP 6 Le -047 
Transport, Storage -073 .069 -046 OES: 
Communications 1.025 1.024 sl -016 
Utilities .024 <O18 
Pin. (sur... Rl. Esc. 025 pes .049 042 
Other Services -038 035 Oe 

Advrtg. & Travel +033 Pe 
Operating Suppl. OLS -O17 {064 ODO 
Subsidies -.064 -.063 

[ndin. Tx. eGov. Ser. -034 3033 s026 Od. 
Wages & Salaries 2550 -540 -o6l me gs) 
Net. Inc.-Unincorp. <025 .023 AGB AS) -020 
Surplus -439 - 430 s2o2 ep he: 


Source: DBS *Cat. No. ta—501 (1961), Vol. 2 Tables 10— 
Impact Table Without Import Leakages and Table 11l-Impact Table 
With Import Leakages. 


65 


Leg” 
ETO; 
tus” 
vEO~ 
coo = 
LTO* 
VTO° 
veo° 


7Z0° 
eco T 
630 - 


AO 
€€0° 


STO. 


“TOL 


2 


Tvv’ 
L208 
Soa? 
ts) 
CoOSs 
CLO 
S LOS 
SEO" 


AC 
vcO°T 
CLO; 


Gc0° 
070° 


610° 


ST “dL 


TOD 
“ToL 


Ler Tvv- 
GLO O0Z0°* 
Tvs” ssS- 
veo" SE0° 
eo0 —) cou 
LEO” e€TO° 
vtO° STO" 
veo" 80° 
vZ0° Lé0% 


920" Les LOUOR TL 


€90° CLs 
eTO° TéQ= 
€€0° Ov0* 
STOe GLOs 


Sit eth yy ae 


Lo La LOo 
*{[seopeorg 


*sebeyeoT yzodul y3IM eTqeL JoedwI-9T eTqeL pue 
sebeyeeT yzodwy ynoy;tmM eTqeL yoedwI-scT eTqeL ‘Z “TOA ‘(T9ET) ZOS—-ST "ON °38D Sdq :989zno0S 


Soeo OO€* Aa 687° Coe 88C° 
7Z0° LEO" 8T0° €c0° 8TO° &c0° 
fe Ss Veo LS L593 OLS. PAKS I 
cZO° 820° Té0" 920: ECoOr 9Z0° 
LvO° 090° 870° 850° 870° 350" 
850° S90, Sri TEO” 870° eeo° 
8T0° OTO: 2LOe 
8TO° OcO* 
Go 650" cvO° €v0° GVO; €v0° 
ETO" vZ0° 8T0° 7cO° SLO; vcO° 
€TO° ECU. STO° SLO° STOr 610" 
S50: v90° veo" €70° SEO° vvO° 
090° CLO. SvO0° £S0° SvO° $SO0° 
L£LOr LTO" EL: 
(1 | O ae 920. 90" LeQ ECO* 
8TO° 6€0° SEO: CEO S10, CoO 
ZLO" Eco" vcO° SLO; vcO° 
LL. 
e96° GL6° C50" £S0° 
ECO" TvO° eTO° 8z0° VEOl vv0° 
Sal: Loc 6904, 16601 066" Eco 
LeO- SvO° 
CH 8) SLO- SEO. oC. acd: 
ELO’ Sc. c80° T60° LLG? 980° 
ELO- SLO- 6G" ev0° 6cGr €€0° 
TSO° 080° ia ee VST° SOT” avi: 
LEQ. TSO° SLO 8Z0° OOF LEO" 
ineOn 8c0" LTO" LTO" 
STs 
S10” 
OcO° c7O* 
STO" c70* 
CLO ceo cv0* 790° 80° 6S0° 


Of i GSlel. SE “i ST E SolegL St “i 
2Et SEL 
"Too’*dinbg “ToD ‘eTqeo PET ~1°D 
AL 8% OTpeYy SOAITM “OSTA *dtnbg *unumop 


IIIxX dladv 


sn{tdans 

*dZOOuTUn *OUT 3eN 
setzeqtes ¥ sobem 
"29S, “AOS Se° xr arouT 
SeTpTsqns 

*Tddnsg butjezedo 
TeaezL 8 °*H3zapwW 
S9OTAISS T9UAO 
quemnejssy [Teq0H 
“ASH “Tu °“ansul *utga 
SeTITTt3n 
SuoT eo TunUMIOD 
ebezoxs 8 *sueITyL 
opezL Ttej,ou 8 °UM 
uoTIONAASUOD 

SOU ms OD eos 

“pul “weyd 29440 
“BIW UTSSY OTIASeT_ 
“BIW *PpOAgG ¥% SSeTD 
“pul *porzg “99eTH °* 40 
“ba *ysnpul ‘oe Ta 
“BIW ®PATM ¥ “by cuM0D 
“BIW SACI STOTYSA 
Hutdueqs [TeIeW 

38e) *“[TOU rzeddooa 
“3SeP0 “TTOW “WwNnTy 
bhututzey 38 butryqpeus 
STTTW T999S 8 UOAT 
HutystTqnd-qutid 
*biw beg 8% xog zedeg 
STTTW zodeg 8 d[ng 
eznjtTuszny esnoy 

“purl azeqqny *440 
SOUTW TeqJeW oseg 


- 66 - 


7. Regional comparisons -- The Telephone Industry 


In 1967 there were 8.4 million telephones in Canada, of which 
39.2 per cent were in Ontario, 27.5 per cent in Quebec, 10.4 per cent 
in the Pacific Region (British Columbia, Northwest Territories and the 
Yukon), 15.8% in the Western Region (Alberta, Saskatchewan and Manitoba) 
and the remaining 7.1 per cent in the Atlantic provinces. Compared 
with the distribution of population in that year, only Ontario and 
British Columbia had more telephones than would be forecasted by their 
populations. 

A similar pattern of regional distribution prevails in almost 
every type of telephone service and inputs of the telephone industry. 
In 1967, for example, 66.6 percent of the total telephone service (as 
measured by revenues) was provided in the Central Region (Ontario and Quebec), 
ll percent in the Pacific Region, 15.9 percent in the Western Region, 
and 6.6 percent in the Atlantic Region. With respect to the full-time 
telephone employees in Canada, however, the scene is a little bit 
different; only 60.3 percent of the full-time telephone employees 
were in the Central Region, 11.1 percent'in the Pacific Region, 21.3 
percent in the Western Region and 8.2 percent in the Atlantic Region. 
This presumably reflects the fact that the telephone systems of the 
Central Region are more mechanized than those in the Western Region. 
Indeed, of the 1,848 small co-operative types of telephone systems in 1967, 
1,734 were in Alberta and Saskatchewan. Table XIV sets out for comparison 


the distribution of several variables relating to the telephone industry. 
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In the 1950-67 period, all provinces showed remarkable growth 
in telecommunications services, although the rates of growth are far from 
uniform for all types of services in all regions. This may be illustrated by 
the regional rates of growth of the telephone industry, which is the only 
sector for which regional data are available. For example, the average annual 
rate of growth in local-telephone service in this period ranged from a low of 5.9% 
Lor Seer areanarcnt to a high of 12.6% for Newfoundland. As can be seen from 
Table XV, these large differences among provinces in the average rate of growth 
also prevail in toll telephone and other telephone services. Newfoundland 
recorded the fastest annual rate of growth in local telephone services (12.6%), 
toll telephone services (19.3%), number of residence telephones (10.9%), 
number of full-time employees (8.4%), and wage bill (15.2%). And the rate of 
growth in the number of business telephones at 7.5% ranked second only to 
7.6% for Alberta. All this is of course no surprise since Newfoundland was the 
least developed province in Canada and has experienced the fastest rate of 
development during the period -- personal disposable income growing at 7.5% per 
annum, as compared with the national average of 6.4% , 

Alberta ranked second in the annual rate of expansion of the 
telephone industry, possibly as a result of the oil boom in that province 
Since the early fifty's. 

Although the rate of growth in local - and toll-telephone 
services in each province is not the same, it is worthwhile to note that 


23 
Although Ontario recorded the lowest rate of growth in local-telephone 


service in Canada, the actual rate should probably be much higher than this 
recorded 5.7%, if data for Bell Canada were broken down between Ontario and 
Quebec. See footnote in Table XV. 
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long-distance services have been uniformly growing faster than local services. 
This seems to confirm, among other things, the intuitive feeling that toll- 


telephone services are more income-elastic than local-exchange services. 


Conclusions 

It is obviously impossible to summarize such quantities of data 
in any simple descriptions. To understand the significance and the rationale 
for the trends outlined above, we turn in the next three chapters to separate 
analyses of three main aspects of the operations of the telecommunications 
sector. Thus the next chapter links, through an extensive demand analysis, the 
revenue and output price trends described in Sections 2 and 3 of this present 
chapter, Chapter IV sets out an analysis of production relating inputs and 
input prices (discussed in section 3) to factor productivities (presented 
in section 4), while Chapter V in part completes the circle by relating output 
and demand to requirements for physical capital formation (described in 
section 5). (Explanation of the interindustry and inter-regional structure 
of the sector detailed in sections 6 and 7 above must await a more extensive 
analysis.) We therefore turn now to an analysis of the determinants of 


revenue flows to the suppliers of Telecommunications services. 
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TABLE XV 


Rates of Growth in the Telephone Industry 


A Regional Comparison 
(Percentage Increase) 


1 
Personal Revenue from Revenue from Revenue from 


Population Dis. Income Local Service long dis. serv. other sources 


1950-1967 1950-1967 1950-1967 1950-1967 1950-1967 
NWT & Yukon S6u) Wa ca = = 
British Columbia Seal Greu/ 10.4 MPA Wes 
Alberta B50 6.6 114 U3—3 itis © 
Saskatchewan 0.9 4.7 bs LOR 24.0 
Manitoba 1.4 55: Sra NOTA 8.6 
Ontario Dati 6.4 6 Wh 7.6* Ano 
Quebec 2 ye. 9.5* TOLO% sae 
New Brunswick he H Brats) SoS) se {S83} 
Nova Scotia eg at Ee eel 10.9 ARS aL 
P. Edward Is. ls #7 Great SJ (0) B55 4 
Newfoundland Pregl Vie) LPS ALS) 5333 MOR 
CANADA 2.4 6.4 9.4 TOR 8.6 
salaries? Number? Number of Number of 
Cost of plant and wages of employees residence phones business phones 
1950-67 1946-67 1946-67 1949-67 1949-67 
NWT & Yukon - 1556 - one She ih 
Brit. Columbia We Sd Sir 1.4 eae Te 
Alberta 14.0 1338 Bh! One VES 
Saskatchewan Osa Bae 4.4 Bree 5D 
Manitoba S) Shs Pro's, Dre 52.0 
Ontario -14.8* 6.1 4c) 56 B45 
Quebec W/ atetes Wee 256 Use BAW) 
N. Brunswick LOR 2 8.0 PG 5.6 Bid 
Nova Scotia yd WAS Zed (ah oad 5.0 
P. Edward Is. 10.6 On ae 6.0 rac: 
Newfoundland 15.0 AS es 8.4 10.9 ilRP/EAS 
CANADA inte} LOR 435 TAL) Gis 


*Includes data of Bell Canada, which operates in Newfoundland, Quebec, Ontario and the 
Northwest Territories. 


preaiades revenue from public pay phones 
Full-time and part time employees 
3Fulr time employees only 


Source: Computed from data in DBS National Accounts: Income and Expenditure 


and Telephone Statistics 
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TABLE A 


Percentage Distribution of Gross Domestic Product at Factor Cost, by Industry - 


Communication 
Year Percentage 
1944 Ls 
1945 1.4 
1946 eG 
1947 6 
1948 dats 
1949 1 eas 
1950 1.6 
1951 Les 
1952 1.6 
L953 AeA) 
1954 L.g 
1955 12 
1956 230) 
1957 era) 
O58 Zok 
1959 Ze 
1960 Zito 
1961 2.4 
1962 2.4 
1963 2.4 
1964 PBS 
1965 Paes] 
1966 2.4 
1967 225 


Source: DBS Catalogue Number 13-201 (National Accounts) 


1944-56, DBS 13-201 (1926-56) 
1955=19627..DBS 13-201 (1962) 
1959-1967, DBs 13-201) (1967) 
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TABLE C 


* 
Distribution of Total Revenue Of the Telephone Industry 


{percent of total) 


Year TWX Telpak Private Line Broadcast Other 
1955 “oo ee 98/86 
1956 PES Je) «oad. 98.74 
1957 1509 743 98.48 
1958 1.28 sup OT aoe 
759 1.36 74 97.90 
1960 Weer a6 O73 
1961 igen Ais) 97.33 
1962 OS 2.08 . 86 9700 
1963 Be, 2uen ~91 86.55 
1964 38 2.30 86 96.40 
1965 eal 41 2.24 .86 96.28 
1966 .24 48 25,03 .85 96.40 
1967 .26 52 2.06 92 ~ 96.24 
1968 5 OM) 59 Zan 94 96.10 


Note: no adjustment for price changes has been made. 
Sources: Information on TWX, Telpak, Private Line and Broadcasting are 
obtained from TCTS; total telephone revenue from DBS Telephone 
Stetreticss 
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TABLE D 


THE INTER-INDUSTRY FLOW OF GOODS & SERVICES 
TO COMMUNICATIONS FROM OTHER INDUSTRIES 
CANADA 1949 


(Producer's Prices) 


Rubber Products 

Textile Products (excluding clothing) 

Furniture 

Wood Products (excluding furniture) 

Paper Products 

Printing, Publishing & Allied Industries 

Iron & Steel Products, n.e.s. 

Transportation Equipment 

Non-ferrous Metal Products, n.e.s. 

Electrical Apparatus & Supplies 

Non-metallic Mineral Products 

Products of Petroleum & Coal 

Chemicals & Allied Products 

Miscellaneous Manufacturing Industries 

Construction 

Transportation, Storage & Trade 

Communication 

Electric Power, Gas & Water Utilities 

Finance, Insurance & Real Estate 

Service Industries 

Unallocated 

Imports of Goods & Services 

Indirect Taxes on Imported Goods & Services 

Indirect Taxes Less Subsidies on 
Domestic Goods & Services 


Sub-total 


Wages, Salaries & Supplementary Labor Income 

Investment Income 

Capital Consumption Allowances & Validation 
Adjustments 


Gross Domestic Product at Factor Cost 


TOTAL INPUT 


TOTAL INPUT EXCLUDING INTRA-INDUSTRY 
CONSUMPTION 


Millions 


of Dollars 


e 
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SOURCE: Supplement to The Inter-Industry Flow of Goods & Services, 


Canada, 1949), DBS 13=513, Table 1: 
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TABLE E 


THE INTER-INDUSTRY FLOW OF GOODS & SERVICES 
FROM COMMUNICATIONS TO OTHER INDUSTRIES 
CANADA 1949 


yw Ole 


(Producer's Prices) 


Millions 
of Dollars 


Agriculture == 
Forestry a 
Fishing, Hunting & Trapping = 
Metal Mining, Smelting & Refining 

Coal Mining, Crude Petroleum & Natural Gas 
Non-metal Mining, Quarrying & Prospecting 
Meat Products 

Dairy Products 

Fish Processing 

Fruit & Vegetable Preparations 

Grain Mill Products 

Bakery Products 

Carbonated Beverages 

Alcoholic Beverages 

Confectionery & Sugar Refining 
Miscellaneous Food Preparations 

Tobacco & Tobacco Products 

Rubber Products 

Leather Products 

Textile Products (excluding clothing) 
Clothing (Textile & Fur) 

Furniture 

Wood Products (exclucing Furniture) 

Paper Products 

Printing, Publishing & Allied Industries 
Primary Iron & Steel 

Agricultural Implements 

Iron & Steel Products, n.e.s. 
Transportation Equipment 

Jewellery & Silverware (incl. watch repair) 
Non-ferrous Metal Products, n.e.s. 
Electrical Apparatus & Supplies 
Non-metallic Mineral Products 

Products of Petroleum & Coal 

Chemicals & Allied Products 

Miscellaneous Manufacturing Industries 


WO ONO e500 sims es Os Ws cOrW sO Or@ tO Oth ~~) (di to Or Ee Oem NOTIN Neo eT 
FPoPWOOOBRDWOANIOATYHNUONATWOTIOBWONnDEFUOOOAWMW OOW WN FH 


Construction 3 
Transportation, Storage & Trade Pa 
Communication 2 
Electric Power, Gas & Water Utilities e 
Finance, Insurance & Real Estate eye 
Service Industries A3k 
Unallocated —— 
Total Intermediate Output 202 
Personal Expenditure on Consumer Goods & Services Ny 
Government Expenditure on Goods & Services 8 
Total Final Output 125 
TOTAL OUTPUT Sey 


SOURCE: Supplement to The Inter-Industry Flow of Goods & Services, 
Canada, (949) DBS 113=513)) stables 


III. The Demand for Telephone and Telegraph Services 
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The preceding chapter approached the historical record of the 
telecommunications industry primarily with the purpose of description. 
Beginning with this chapter we approach the historical record with another 
purpose in mind, namely, what can it tell us about how the telecommunications 
industry is likely to evolve in the future? This chapter and the two 
following focus on the telephone and telegraph sectors -- this chapter on 
the demand for telephone and telegraph services, Chapter IV on the production 
and technological characteristics of the sectors, and Chapter V on the 
determinants of their investment in new plant and equipment. Chapters VI 
and VII then take up similar questions with regard to broadcasting and the 
manufacture of telecommunications equipment. Finally, Chapters VIII and IX 
pull the separate pieces together, attempting projections of the major 


variables to 1980, and summarizing the main conclusions of the study. 


II. The Determinants of Demand for Telephone and Telegraph Services 


The primary determinants of expenditures for telephone and tele- 
graph services are income, relative prices, population, and technology. The 
first three operate directly on demand, while technology has a dual impact: 
on the supply side through cost reduction and the availability of new 
services, and on the demand side through pressure for provision of new 


services. Projection of expenditures for telecommunications thus requires 


= One 


that we have quantitative estimates of the effects of changes in these 
factors. In particular, we need to know: 

1. The income elasticity of demand; 

2. The price elasticity of demand; 

3. The future growth of population; 

4, The future course of technology. 

Of the four, it is clear that predicting the future course 
of technology is the most problematic. Income and price elasticities can 
be estimated with some confidence from past behaviour, and the Dominion 
Bureau of Statistics has developed sophisticated techniques for extrapolation 
of the population. Technology, however, presents a problem of entirely 
different magnitude. As noted above, technology has a twofold impact on 
the supply side of the market through reduction of the costs of providing 
old services and the introduction of new ones. It is the new services 
that create the difficulty. Cost reductions, which in some cases can be 
foreseen with clarity, ordinarily lead to lower prices, and can therefore 
be incorporated into the analysis through that device, but new services, 
by their very nature, have no past history on which to build. Even for 
those services now on the horizon, such as "phonovision", it is virtually 
impossible for us to forecast in quantitative terms what the consuming 
public's reaction to them will be; for those not in the pipeline, it 
is obviously impossible to say anything. 

As a result, apart from being able to translate cost 
reductions (which themselves must come from technical sources) into lower 


prices, there is little that economic analvsis can say about the future 
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impact of technology on demand, and therefore technology has been put to 
the side in the analyses which Foie Nevertheless, before leaving the 
Subject, several observations are in order. 

First, in terms of broad magnitudes, it would be surprising 
if the introduction of new services were to lead to a major revamping 
of the way in which consumers allocate their expenditures among broadly 
defined categories. For example, it is unlikely that phonovision will 
lead to an increase in expenditures for the category "communication services", 
at the expense of expenditures for food, transportation, or other equally 
broad categories (although it is conceivable that intercitv travel and 
certain recreation expenditures could be adversely affected). What is 
more likelv is that phonovision will lead to a reallocation of expenditures 
within "communication expenditures" itself. Also, it should be remembered 
that communications is not the only category of consumer expenditure that 
is likely to be introducing new products and services in the years ahead. 
Competition for the consumer's dollar is always keen, and there is no 
reason a priori to assume that new communications services will fare any 
better (or any worse, for that matter), than the new products of any other 
industry. 

Second, long lead times and lags in installation of new 
devices, as well as inertia in consumers' adaptation to new products, are 
on our side. For example, the following extract from a letter dated 
June 17, 1970 to shareholders of AT & T suggests the pace at which diffusion 
of new products such as "phonovision" might occur: 


2 Nie ‘ : ; : Poe 
Historical technological change and its impact on the provision of tele- 
communications services is dealt with in the next chapter. 


Ba eval 


Bell Telephone Company of Pennsylvania has announced 
plans to make the world's first offer of Picturephone 
service for home and office use in that area [Pitts- 
burgh) on aJuly sl. 

Picturephone service will soon be introduced in 
other major cities around the country. By 1975, it is 
anticipated that 100,000 Picturephone sets will be in 
operation in two dozen cities. And by 1980, it is 
expected that the service will be widespread with per- 
haps a million sets in service. 


Unfortunately, however, when we turn to Bone ee industrial users, 
this somewhat sanguine appraisal of the effect of new services on the demand 
for telecommunications must give way to doubt. The advent of remote-access 
high-speed computation has provided an entirely new dimension in the business 
and industrial use of the telecommunications system. Data transmission has 
grown dramatically in recent years, and at present this growth shows no 
Signs of slackening. However, since data transmission on a large scale is 
such a recent phenomenon, projecting its future growth is a hazardous 
enterprise. The historical record is too short for regression-based projection, 
and because of the rapid growth on a small base, to extrapolate mechanically 
the rate of growth for the few years for which data are available would 
probably be seriously misleading. The proper procedure would be to integrate 
the demand for data transmission into a study of the computing industry, but 
such a study, which would itself be a major undertaking, is outside our 
present terms of reference. Nevertheless, we shall return briefly to this 


problem at the end of this chapter and again in Chapter IX. 
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Our major source of data for the telephone and telegraph 
industries has been the Dominion Bureau of Statistics yearly publications, 
Telephone Statistics (Catalogue Number 56-203) and Telegraph and Cable 
Statistics (Catalogue Number 56-201). In addition to the DBS publications, 
we have also utilized data made available to us, much of it on a con- 
fidential basis, by Bell Canada and Canadian National/Canadian Pacific 
Telecommunications. A final source was the unpublished paper of R.E. 


Olley (1970), which itself employed data made available by Bell Canada. 


As we discussed in Chapter II, the difficulties involved in 
defining output in terms of a physical unit based on the number of messages, 
their duration, and distance necessitate using price-deflated revenue as 
the measure of output. For the telephone companies, the following categories 
of revenue have been analyzed: 

U DBS data 

Aggregate Canada 
total revenue 
local-service revenue 
long-distance revenue 
Canada by region 


total revenue 


2% Bell Canada data 
total revenue 
total residence revenue 


total business revenue 


residence local-service revenue 


residence long-distance revenues 
business local-service revenues 
business long-distance revenues, 
while for the teleqraph and cable companies, the revenue categories analyzed 
have been: 
lL. DBS. data 
total industry revenue 
public and government message service revenues 
revenues from ‘leased circuits' 
revenue from ‘other leased plant' 
total leasing revenue 
total'transmission'revenue 
2. CN/CP’ data 
total CN/CP revenue 


revenues from public message services, cables 
and money orders 


telex revenues 
revenues from program broadcast transmission 
revenues from private wire leasing and eauipment rentals. 
For comparison with telegraph and cable Eat eet the revenues from the 
following closely related telephone services were also studied; 
Se TEToridata 
revenues from TWX and private wire leasing 


revenues from program broadcast transmission. 


= 97. 


The price indices used to deflate the telephone revenue series 
have been obtained from two sources: the DBS and total Bell Canada series 
have been deflated by the deflators for Bell Canada revenues which are 
given in the Olley paper, while the Bell Canada local- and long-distance 
revenue series have been deflated by price indices constructed from historical 
rate schedules filed with the CTC and made available to us by Bell Canada. 
Descriptions of these indices are given later in this chapter, as are also 


descriptions of price indices for telegraph and cable. 


IV. Models Employed in the Analysis 


in investigating the determinants of the demand for telephone 

and telegraph, practical considerations have necessarily guided our efforts, 
and we have resisted the temptation to experiment with novel ideas which 
under more relaxed circumstances might have proven helpful. Accordingly, 

we have relied upon the standard methods and techniques of demand analysis. 
In particular, we have made extensive use of the dynamic model of demand 
developed by Houthakker and Taylor in their study of consumer demand in the 
United States (1966). This model has been the point of departure in all 

of the categories of revenue analyzed, and there are only a few instances 


where it (or one of its variants) has failed to give plausible results. 


Since a detailed derivation of the Houthakker-Taylor model is 
more involved technically than we care to become in the body of this report, 
we shall only sketch its general features here; full particulars can be 
found in the appendix to this chapter. The estimating equation of the 


Houthakker-Taylor model takes the form: 


tot 


CL) eee a Ad + A, Ax +A + A, Ap, + ACP. _y : 


t=1 iE 3) t=f 
q = quantity purchased, measured in real terms 
x = income ,also measured in real terms 


p = the relative price of the good 


CG 
ie) 
UW 


ey cen et 

and Ayre Ag are coefficients to be estimated. This model is based 

on an underlying stock-adjustment mechanism which sees the consumer as 
attempting to bring his stocks into a desired relationship with his 

income and the level of prices. We distinguish between two cases, depending 
upon the type of good involved. If the good is a durable good, these 
stocks will have a concrete interpretation as a physical inventory. With 
automobiles, for example, they will consist of the existing (depreciated) 
inventory of autos. This is the usual case of stock adjustment behaviour, 
where we expect existing inventories to have a depressing effect on current 
purchases. On the other hand, if the good is one for which inventories 

of any quantity are normally of no consequence, the stocks take ona 
psychological dimension and, rather than acting as a brake on current 
purchase, they may tend actually to encourage it. This is the case of 
habit formation, a particularly good example of which is the consumption of 
tobacco: the more that an individual has smoked in the recent past, the 
more, everying else remaining constant, we should expect him to smoke now. 


We should also expect this behaviour to characterize the consumption of 


telecommunications services. 
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One of the key features of the Houthakker-Tavlor model is 
that it allows one to distinguish between the effect on consumption resulting 
from a change in income or relative price before stocks have a chance to 
adjust and the effect after they have adjusted fully to the new level of 
income or price . The former is referred to as the short-run effect, while 
the latter is referred to as the long-run effect. In the case of a good 
subject to stock adjustment, the short-run effect will be greater than the 
long-run effect, but the opposite will be true with a good subject to 
habit formation. Indeed, when habit formation is strong, there may be 
scarcely any short-run response at all. The short-run reaction coefficients 
are associated primarily with the coefficients of Ax, and Ap, Inneguet von? (l)) 
while the long-run coefficients are associated with the coefficients of 


and p Those wishing more information on the decisions of 


eas Ped 


this analysis mav find it in the appendix to this chapter. 

In some instances, we have used the alternative dynamic 
model formulated by Houthakker and Taylor, whose estimating equation takes 
the form: 


ene OA + ak + Ak 
Seti ielen Ge Foi csle Po eieenhean et? aRet Pea? ¢ 


where g, x, and p all have the same interpretation as in equation (1). In 
contrast to the first model, which views the consumer as attempting to 
bring his stocks into a desired relationship with income and prices, this 
model sees him as doing this with regard to the flow. Accordingly, we 
shall refer to this model as the flow-adjustment model, and to the first 


model as the stock-adjustment model. Use of the flow-adjustment model is 


-—o10n— 


suggested when the coefficients A, and A, in equation (1) are large 


relative to A, and Aye 


V. Empirical Results 1: Telephone 


1. DBS data: total Canada 
Total Revenue 


The first category analyzed is the total revenue of all telephone 
companies in the country. This category refers to combined revenue from all 
sources, which means that revenues from directory advertising are included in 
addition to those from normal telecommunications ee Since DBS does 
not publish deflators for the revenue data that it collects, it has been 
necessary to deflate by an implicit deflator for the total revenue of Bell 
Sapo” However, given the importance of Bell's revenues in the total for 
the industry, the error introduced by this procedure should be of little 
poneee encore For the income variable, we have used GNP measured in 
constant (1967) dollars, and for the relative price we have used the Bell 
deflator divided by the implicit deflator for GNP. The data are annual and 


cover the period 1952 through 1967. Ordinary least squares 


2 ePae, 
Strictly speaking, advertising revenues should be netted out of total revenue, 


but since DBS does not break out advertising revenues separately this cannot 
be done. The closest that one can come would be to use the sum of local- 
service and long-distance revenues, but this would purge too much. Excluded 
would be revenues generated by leased lines, and these should clearly be part 
of total revenue. For this reason, we elected to use total revenue from all 


sources. Since directory advertising probably moves closely with local revenues 


the error involved should be small. 
3 
See Olley (1970). 


4 . 
Unfortunately, the results for Bell Canada below suggest that this may not 
be the case. 


=O] 


estimation has been employed, not only for this category, but throughout 
the entire report. 


The equation estimated is as follows (t-ratios are in 


parentheses) : 
3 au oOSte Fae. S76 He 2OOLS + = sin 
(3) ae ae Ux, x, 4) fi 33S (py at Dee 
(1.28) (6.54) G70} (-1.98) 
R? = 999 Sy = 8.89 DW = 1.78 


elasticities calculated at 1967 levels 


income es 


relative price =2.78 


q = total telephone company revenue (in millions) /implicit 
deflator for total revenue of Bell Canada 

x = GNP in millions of 1967 dollars 

p = implicit deflator for total revenue of Bell Canada/ 


implicit deflator for GNP (1967 = 100). 


This is an instance of the flow-adjustment model. The 
items worthy of note in the equation are the substantial income and price 
elasticities -- both are considerably greater than unity (in absolute 
value) -- the high ae and the absence of autocorrelation in the residuals 
(as evidenced by a value of 1.78 for the Durbin-Watson coefficient). 
Despite the tight fit, however, the income and price coefficients are 
not as significant statistically as one would like. The t-value for 
income is less than one, while that for the relative price barely borders 
on two. This equation was selected in preference to one based on the 
stock adjustment model because of an implausibly large long-run price 
elasticity with the latter; otherwise, the two models give essentially 


the same results. 


a ee ae ee 
5 The elasticities reported for the flow-adjustment model are long-run elasticities. 
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Despite the fact that the income coefficient is insignificant 
by conventional statistical standards, the implied income elasticity of 
1.8 seems reasonable. However, since a substantial part of total revenue 
consists of revenues from local service -- which we should expect to be 
relatively independent of price -- a price elasticity of -2.8 may be too 
high. The reasons for holding this view will become clear in a moment, but 
here we Should note a technical reason as to why our procedure might over- 
estimate the price elasticity. The constant-dollar revenue series is 
obtained by a deflator that forms the numerator of the relative price. 
If for some year (or years) this deflator is too low, cur measure of constant- 
dollar revenue for that year will be too high, and the regression will tend to 
attribute this high expenditure to the (incorrectly) low price. And the same 
bias will operate on the other side if the deflator for some years is too 
high. Thus, the high price elasticity in equation (3) may reflect simply 


: : : 6 
the way in which constant dollar revenue has been derived. 


In addition to equation (3), an equation has also been estimated 
with revenue and income expressed in per-capita terms. The reason for doing 
this is to see how much the aggregate income elasticity is influenced by popu- 
lation growth. This is important information to know, for if the rate of 
growth of the population should taper off, projections based on equation (3) 
could be seriously biased. Since equation (3) is estimated with aggregate 
revenue and aggregate income, the income elasticity reflects an amalgam of 
population growth and higher income per head. If the individual income 
elasticity were unity, then whether the variables were in aggregate 


or per-capita terms would not matter, but when the 


6 : 4 : 

Of course, only when errors in measurement of the price variable are larce 
will this bias be significant. In the absence cof such errors, our procedure 
entails no such bias. 


rete) = 


individual elasticity is greater than unity -- as is the case with expen- 
ditures for telephone services -- it does matter. If the goal is to estimate 
an elasticity applicable to a single individual, population growth will 

lead to an elasticity estimated from aggregate data which is biased toward 


unity. 


The results from applying the stock-adjustment model to total 


revenue per capita follow: 


4 — ° SUF e e ) ss ° 
(4) ie oo 9232 q,_, + 00339x, 0882 p, 
(.64) (19.34) Clea) (-1.62) 
2 
R = .999 Sc 0 DW = 1.76 


Elasticities (computed at 1967 levels) 


income relative price 
Short run wt) =ae 
Long run 2.48 at en ORE 
q = total telephone revenue per capita/implicit 


deflator for total revenue of Bell Canada 
x = GNP per capita in 1967 dollars 


p = implicit deflator for total revenue of Bell 
Canada/implic:t deflator for GNP (1967 = 100). 
Since this is the first equaticn presented using the stock- 
adjustment model, it wiil be useful to discuss it in some detail. First, 
it should be noted that the equation is actuaily a special case of the model, 
for it has been estimated under the restriction that A. and A, are equal, 


2 


respectively, to A, and An. This form of the nodel implies a substantial ele- 


ment of habit formation, a fact evidenced in income and price elasticities 


which are large in the long run, but nearly 


ae ey 


zero in the short run. This property reflects the strong inertia character- 

istic of the demand for services. The statistical qualities of this equation 

parallel those for the aggregate equation. The coefficients have the correct 
LT 

sign, the fit is very good,and autocorrelation is absent from the residuals.” 

Income is somewhat more significant statistically and the relative price 

somewhat less so, but once again neither has a t-value greater than two. 

The long-run income elasticity of 2.5 is well in excess of its value in 

the aggregate equation, which confirms the observation just made. On the 


other hand, the long-run price elasticity is lower than in the aggregate 


equation, but at -2.0 may still be too high. 


Local-service revenues 

The second DBS telephone revenue category analyzed is 
revenues from local service. As with total revenue, the data refer to the 
combined revenue from local service of every telephone company in the country. 
The data have been deflated with the implicit local-service deflator for 
Bell Canada, and this variable also forms the numerator of the relative 
price. Once again, the time period covered is 1952-67. The empirical 


results follow. 


Seats ; + ,90088 + p=, + 
By Fe ea Csae 1876(p, + P,_4) 
(108.04) (10.19) (1285 (-.59) 
R° = .999 So = 2-28 DW = 1.87 


elasticities (computed at 1967 levels) 
income 2.10 


relative price -.70 


7/ It should be kept in mind, however, that in models with the lagged dependent 
variable as a predictor the Durbin-Watson coefficient is biased toward 2. 
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q = total local service telephone revenue (in millions) / 
implicit deflator for local service revenues of Bell Canada 
x = GNP in millions of 1967 dollars 
p = implicit deflator for local service revenues of Bell Canada/ 


implicit ideflatorinfor GNP) (1967 =. 100). 


Since local service accounts for more than 50% of total 
telephone revenue, we should expect the local-service results not to stray 
too far from those for total revenue, and we see that this is the case. The 
flow-adjustment model gives the best results, the fit is extraordinarily 
tight, the residuals are free of autocorrelation, and the income elasticity, 
though of only marginal statistical importance, is large. There is a major 
difference with regard to the importance of the relative price, but this 
is hardly surprising. On the part of households, local-service revenues 
should be determined primarily by the number of families and the level 
of personal disposable income, while on the part of businesses the general 
level of economic activity should be the primary determining factor. In 
neither case should we expect local-service rates to play much of a role. 
Thus, a less-than-unity price elasticity for local-service revenues is 
what we should expect. 

Indeed, since local-service revenues are derived from the 
rental on telephones installed, at leasing rates established by regulation, 
one should expect to be able to explain local revenues simply by explaining 
the number of telephones installed. Unfortunately, matters are complicated 
by the presence of different rentals for various classes of business and 
residence. installations, extension phones, and special features. For this 


reason we have not pursued this approach here, although we have convinced 
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ourselves that the number of residence main telephones can be well explained 

by population growth and per-capita income levels (which of course also 
reflects a process of general urbanization and the near-saturation of the 
household market so far as telephone installations are eehcernedin: Adding 

an equation for business telephone installations based upon business product, 
one would expect to account for the bulk of local revenues without any signi- 
ficant price dependence. Adding the fringe and premium items such as extension 
phones and special features undoubtedly does Eneroduca fs Measure --— possibly 


very strong -- of price dependence, and these categories should be explored 


in isolation. Unfortunately we have had to leave this undertaking for the future. 


Long-distance revenue 


For long-distance revenueg, the same form of the stcck-adjustment 


model as was used for total revenue per-capita -- A. equal to A. and A, equal 
to A, -- has been found to yield the best results. The equation is as follows: 
= 5 as A cite — 
(6) qy BD eee: 9200q, 4 00104 x 9478 Py 
es) (6322) C279) (-1.36) 
Ro = 1.997 a = .6.82 DW = r291 
i i ==. ° * AnLLrs 
The equation is q, S82 re sO2-71 2 +42 2474hx, 17237 Xo] 
2 
R = ,9997 S. = .10 DW = 2.45 
where 
q = total telephones per 100 persons 


x = GNP per-capita, in 1967 dollars , 


elasticities (calculated at 1967 levels) 


income relative price 
Short run . 08 ee ee 
Long run 1.90 —2.57 
q = total long-distance telephone revenue (in millions) / 
implicit deflator for long-distance revenues of Bell 
Canada 
x = GNP in millions of 1967 dollars 
Pp = implicit deflator for long-distance revenues of 


Bell Canada/implicit deflator for GNP (1967 = 100). 


Apart from income and relative price not being as significant 
statistically as one would prefer, this equation presents a highly plausible 
picture of the demand for long-distance telephone. Habit formation is strong 
and, in contrast to local-service revenues, there is a sharp long-run response 
of demand to a change in price. The long-run elasticity with respect to 
income is also large, and this, too, we should expect. In keeping with the 
general results of this section, the equation fits the historical data 
extremely well, and once again there is no problem of autocorrelated 


residuals. 


2. DBS Data: Canada by Region 


In a country as geographically and economically diverse as Canada, 
there might be some question as to whether the demand functions estimated 
in the preceding section and intended to apply to the country as a whole 
are also applicable to the separate regions of the country in isolation. 


Since DBS provides a breakdown of its telephone revenue data by province, 
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it is reasonably straightforward to test whether this is the case. To 


this end, we have divided the country into four regions, namely: 


Ls The Maritime provinces 

23 Ontario and Quebec 

35 The Prairie Provinces 

4, British Columbia and the Yukon Territory - 


These regions will be identified by the suffixes a(Atlantic), c(Central), 


w(Western) and p(Pacific). 


Since population varies widely across regions, the equations have 
been estimated in per-capita terms and, since the primary purpose of the 
analysis is to test for regional differences, only total revenue has been 
analyzed. For income we have had to use personal disposable income instead 
of GNP as we would prefer since DBS does not publish estimates of GNP by 
Seatce For deflators, the revenue data, as before, have been deflated 
with the deflator for Bell Canada, and personal disposable income has been 
deflated with the implicit deflator for personal consumption expenditures. 
The relative price, however, has the GNP deflator in the denominator. Using 
common deflators ignores, of course, the fact that price trends have probably 
varied among regions, but since regional deflators do not exist there was no 


alternative. Once again, the period covered is 1952-67. 


pata on personal disposable income by Province are unrevised; DBS has 
published revised estimates of these data, and re-estimation of the regional 
equations using the revised series would now be possible. Unfortunately, 
however, lack of time has precluded our undertaking this re-estimation. 
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The equations for the four regions separately and the four 


regions combined using the stock-adjustment model (with A, and A, equal, 
respectively, to A, and A, follow: 
= 15.54 + .6646 ae ee =" 2174 
(7) dot eas Bet 0114 Ky 1743 P, 
(VS10) (3243) C257) (-2.02) 
Zz 
R= .995 ss = .66 DW = 1.67 
= e035 = 99515  *0038/ =, O96 
(3) Tot 2 To (t-1) oa *ot ; Pe 
(oo5) (13270) (sey) (-1.65) 
R = 999 S. = .46 DW 2. 2...55 
= . Fy OBZ .00 = 2S 
(9) chee 31.96 9822 eee O57 Xe 2509 P, 
(2, 13) CL ORS/7 ) (=.21) (-2.36) 
R? an, 9996 2 = .83 DW = 1.50 
= -46. + OS + 0162 se cael Sea RS 
(10) ae 46.35 379 Sea ge Or i P, 
(=U )y (8200) (2.07) C95) 
Ro = .992 So se. 25 DW = 2.28 
= . + . = = aioe Ole ete bai 2 et tL oe) 
fll) a, 93274, 5 00408 x, TOS. ‘ : 2 
(22.33) CUeor) (-2.27) (1254) (2,3) Gia de) 
+ obo 
p 
Cl 22) 
Ro = .996 oe = 90 DW = 1.95 


= 100° = 


elasticities (calculated at 1967 levels) 


income relative price 

SR LR SR LR 
(7) wad L305 et -1.35 
(8) AO, 1.88 =.08 =2435 
AED Dai 8) 8) =. 91 see =23.09 
(10) 30 9.24 .14 One Aes 
Cl. pe te10 2.88 = ah -3.04 


q = total telephone revenue per capita/implicit deflator 
for total revenue of Bell Canada 

x = personal disposable income per capita in 1967 dollars 

p = implicitdeflator for total revenue of Bell Canada/ 


implicit deflator for GNP (1967 = 100) 


De dummy variable for Atlantic Region 


Di= dummy variable for Central Region 
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dummy variable for Western Region 


S) 
Il 


dummy variable for Pacific region. 


Looking first at the equations for the individual regions 
[equations (7)-(10)], we see that the ones for Atlantic and Central are quite 
in keeping with what we have by now come to expect, while the ones for 
Western and Pacific have their problems. The Western and Pacific equations 
each have a wrong sign -- income for Western and price for Pacific -- and 
each has an implausibly high long-run elasticity -- price for Western and 


a 
income for Pacific. Given the high R 's, these problems may well be due 
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to high intercorrelations among the independent variables, especially for 
Pacific. With Western, the problems with regard to income probably result 
from the fluctuations in disposable income caused by sharp, short-term 
swings in farm income. For this region, some measure of permanent income 
would be preferable. The Atlantic and Central equations, on the other hand, 
do not present any apparent anomalies. The long-run price elasticity for 
Central may be a bit high, but this, it will be recalled, is in keeping with 
the results obtained with the data for Canada as a whole (cf. equation (3)). 
To test the hypothesis that the demand for telephone services 
is homogeneous among regions, we make use of equation (11) which is estimated 
with the data from all four regions pooled. It will be noted that four dummy 
variables -- one for each reqion -- have been included in this eguation in 
order to take into account regional peculiarities (such as industrial struc- 
ture) which for the most part are unrelated to population. The hypothesis 
is tested by means of an F-test performed on the reduction in residual 
variance in going from the "total" equation (equation (11)) to the group 
of "individual" equations [equations (7)-(10)]. This involves an analysis 


of covariance as set out in the following table. 
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Analysis of Covariance 


Individual Regression Sum of Squared Residuals Degrees of Freedom 
(7) 4.79 sla 
(8) 22350 igh 
(9) WEE, 14. 
(10) Gio uel 
Total 31543 44 
Total regression [(11)] 42.83 | 53 


Reduction in SSR due to 
different regressions LVese 2) 


LSS weA les? w, 1.26 
9 53 zi aa) 


F 4969793) = 1.90 


Since the calculated F ratio of 1.56 is well below the 10 
percent cutoff for 9 and 53 degrees of freedom ( = 1.90), we cannot reject 
the hypothesis that the demand for telephone services is homogeneous among 


regions. 


3. Bell Canada data 

On the basis of data made available to us by Bell Canada, 
we have been able to extend our analysis considerably beyond that possible 
with the DBS data. Bell provided a breakdown of its revenues between 
residence and business and a further breakdown within each of these categories 
between local service and long distance. Such detail is especially useful 
for, in addition to the difference in demand for local service and for long 


distance, there are almost certainly differences in the demand for each of 
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these services between businesses and households. In particular, we should 
not be surprised to find that the substantial long-run price elasticity for 


long distance is accounted for by households rather than by businesses. 


Unfortunately, the Olley memorandum, from which we obtained the 
Bell Canada price deflators used up till now, does not provide separate 
deflators for business and residence revenues, and so, rather than using the 
same deflator for both, we have constructed our own on the basis of 
historical rate schedules filed with the CTC and made available to us by 
Bell Canada. For local service, the residence price index is based on 
the monthly rate for a two-party line in cities of over 250,000 and the 
business price index is based on the monthly rate for an individual line, 
also in cities of over 250,000. For long distance, the residence price 
index is based on the nighttime station-to-station rate beginning at 6 p.m. 
for a 3-minute 350 mile peas while the business price index is based on 


the daytime station-to-station rate for the same distance. 


Since Bell Canada operates primarily in the most densely-populated 
areas of Ontario and Quebec, the income variables must reflect the income 
level of these two provinces. For households, the income measure should 
be personal disposable income, which we have, but for businesses the 
measure ought to be GNP (or better still, gross business product). However, 
as noted above, DBS does not publish GNP by province, and so we have had to 
use personal disposable income in the business equations also. With one 


exception, the equations which follow are based on data covering the 


aT avoid difficulties with the introduction of different rate classes 
beginning at different times through the night, we computed the rate for 
a call placed at 7 p.m. 


period 1950-67; the exception is the equation for total revenue of Bell, 
which is based on data for 1952-67. Finally, the residence equations are 


estimated in per-capita terms. 


Residence local-service revenues 


(12) C aaa -.39 + .9494 npaeyy .000424 Ox, + x, 1) 
(-.77) (20.28) (1.47) 
2 
R sees? So = .10 DW = 1.68 


income elasticity (computed at 1967 levels); 2.38 


q = residence local-service revenues of Bell per-capita/ 
local-service price index for residences (1967 = 100) 
x = personal disposable income per-capita for Ontario 


and Quebec in 1967 dollars. 


The important finding for this category is the absence of 
relative price as an explanatory factor. When price was included in the 
model, its sign was correct, but t-values on all coefficients in the 
equation, with the exception of the one for Gey! were less than one, and 
when price was tried by itself, its sign became positive (though not 
Significantly so). Consequently, the relative price was excluded and income 
retained instead. The rather high income elasticity probably reflects the 
increased use of extension phones and individual (or two-party lines) which 


accompanies an increase in income. 
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Residence long-distance revenue 


aR = .24 + .8674 fee : =< at ae 
ORD ay qeny OO1L7Ax, + .U0LG3 Xi] 248Ap, 00927 pan] 
(.14) (2.77) (1.202)) (65) (-4.04) (=1- 501) 
2 
R emer be fe) So =e. Lo DW) -=2 S195 


elasticities (calculated at 1967 levels) 


income relative price 
SR se Se 
LR ecey =D dS 
q = residence long-distance revenues of Bell per- 
capita/long-distance price index for residences 
(1967 = 100) 
x = personal disposable income per capita for Ontario 


and Quebec in 1967 dollars 

p = long-distance price index for residences/implicit 
deflator for personal consumption expenditure 
(1967 = 100). 

In contrast to local service, the household demand for long-distance 
service is seen to be quite sensitive to price, for not only is the relative 
price an important predictor statistically, but its (long-run) elasticity is 
well in excess of two (in absolute value). The response of long-distance 
demand to a change in income is also elastic in the long-run (i.e. the long- 
run elasticity is greater than one), but not as decidedly so as the demand 
for local service. Apart from the barely significant income coefficient, the 


statistical aspects of this equation are quite good. The fit is tight, and 


the residuals are free of autocorrelation. 
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Total residence revenue 


= 2. ; ; Se 

(14) gq, = 2.96 + .8641 gq, , + 00232 x, Bers. 
(.74) (7.95) (10) (Site) 

Ro = 1.996 Sea! DW = 2.13 


elasticities (calculated at 1967 levels) 


income relative price 
SR <2 -.09 
LR 6s ca Me 


q = total residence revenue of Bell per Capit/ i ie a 
for residential telephone service (1967 = 100) 4h 


xX = personal disposable income per capita for Ontario and 
Quebec in 1967 dollars 


p = price index for residential telephone service/implicit 
deflator for personal consumption expenditure (1967 = 100). 


We should expect the results for total residence revenue 
to lie intermediate between those for local service and those for long distance, 
and this is clearly the case. Perhaps the most relevant finding with this 
equation is that the price effect for long-distance calls is of sufficient 
strength to make the household demand for telephone services, local and 
long-distance combined, slightly elastic (in the long run) with respect to 


price. 


Py 


— Constructed as .675 Pas ee a Pig where ls and ld refer to local service 


and long distance, respectively, and where the weights are an average of 
the initial and final shares of each revenue category in total residence 


Levene. 
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Business local-service revenues 


5 = 29,720 2.67 = ee + 
(tS) dy 9 6787 q_7 00236 (x) x, _) 
(—4 09) .(6 <64) (4.00) 
Z 
Re =a oo =e a2 535 DW = 1.50 


income elasticity (calculated at 1967 levels): 1.55 


business local-service revenues of Bell Canada (in millions) / 
price index for business local service 


gq 


personal disposable income for Ontario and Quebec 
meni ligons tof 1967 dollars 


Pad 
II 


We see that, as with residences, business demand for local 
service is indicated to be independent of price. This is, of course, a sensible 
result, and is one which telephone companies have long taken into account 
in setting local-service rates for businesses vis-a-vis those for households. 
Despite a hint of positive autocorrelation in the residuals (as indicated by 
the Durbin-Watson coefficient of 1.50), the statistical quality of this 
equation is very good. All coefficients are multiples of their standard 


2 ; 
errors, and, as usual with these data, the R is very high. 


Business long-distance revenues 


= —22, +. a 
(16) gq, 22.75 8708 o, 5 00213 x, 


(-1.47) (5.74) (939) 


R? = .990 oe = 5.01 DW = 2.37 
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income elasticities (calculated at 1967 levels) 


SR 719 
LR 2a 0 
gq = business long-distance revenues of Bell Canada (in 
millions) /price index for business long-distance calls 
x = personal disposable income for Ontario and Quebec in 


Militons Om L967 adolLlars 


At first glance, this equation might seem to present a rather 
surprising result, for once again the relative price is absent as a predictor. 
However, upon reflection, we should not in the end find this so surprising. 

For many businesses, the long-distance call has become an indispensable 
instrument of commerce. Even if long-distance rates were several times 

their present levels the phone would still, in many instances, be the least 
costly mode of communication, especially when the time element is taken 

into account. Since a substantial proportion of long-distance telephone use 

by business is for marketing purposes, a measure of relative price more relevant 
than the one we have used would be the long-distance rate relative to the 

cost of sending an agent into the field. The omission of such a_ variable 

from equation (16) probably accounts for the large (long-run) income 


elasticity obtained. 


Total business revenue 


= ° Lee ae G = ales 
Cit) 2a 135.50 54335 ra 00652 x L250 10 Py 


(2,80) (S74) (2.88) ($3.45) 


Ro = 296 So = 4.87 DW = 1.67 
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elasticities (calculated at 1967 levels) 


income relative price 
SR eit | -.39 
LR ACNE) mes gt 


gq = total business revenue of Bell Canada (in millions) /price 
index. for telephone service for businesses 


xX = personal disposable income for Ontario and Quebec in 
millions of 1967 dollars 


p = price index for business telephone service/implicit 
deflator for GNP (1967 = 100). 


This equation presents a number of anomalies. Statistically, 
it is perhaps the best equation in this chapter, for all coefficients are 
at least twice their standard error, the Ro is very high, and there is only 
a hint of autocorrelation in the residuals. The problem, however, is that 
the equation is seriously out of line with the equations for local service 
and long distance; the relative price is absent from both equations (15) 
and (16), but it shows up strongly in equation (17)! And, probably not 
independent of this, the (long-run) income elasticity for the combined 
revenues is less than for either of the components. While it is quite 
possible to explain this as a statistical phenomenon, an economic inter- 
pretation is another matter. For the moment, we must leave it as a 


Statistical quirk. 
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m Calculated as ).617 Pis a ee k= fe Pig! where ls and ld refer to local service 
and long distance, respectively, and where the weights again are averages 
of the initial and final shares of the revenue categories concerned in 
total business revenue. 
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Total revenue of Bell Canada 
The following equation was estimated to describe total 


Bell Canada revenues: 


18 = a AM: Phd + . + roa + 
(18) q.. 125 594 cee 00492 (x, x,y? 3266 (Pp, Pi? 
(5 ea (4.64) Ck G2) (=.94) 
R? = 9099 Sys = 4.92 DW = 2.46 


elasticities (calculated at 1967 values) 
income eS 7 
relative price -.39 


q = total revenue of Bell Canada (in millions) /implicit 
deflator for Bell total revenue (from Olley study) 


xX = personal disposable income for Ontario and Quebec in 
mpllzoensesef 1967 sdollars 


p = implicit deflator for Bell total revenue/implicit 
deflator for GNP (1967 = 100). 


We have presented the equation for the total revenue of 
Bell Canada last rather than first in order to appreciate better why it is 
both inaccurate and misleading to speak of a single all-encompassing demand 
for telephone services. The preceding subsections have demonstrated quite 
clearly that there are at least four unambiguously defined submarkets for 
telephone communications, and we would ner: find even more if further 
disaggregation of the data were possible. The demand for telephone services 
for all customer and service categories combined thus reflects the interplav 
of each of the submarkets we have studied, and this must be kept in mind 
in interpreting the equation presented in (18), and more particularly in 


assessing the equation for total revenue estimated from DBS data [equation (3)]. 
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Perhaps the most significant aspect of equation (18) is the 
weakness, both statistically and quantitatively, of the relative price. 
While this is in keeping with other equations for Bell Canada -- all, that 
is,except for equation (18) just discussed -- it is quite at variance with 
equation (3). Since Bell revenues are a substantial part of the total, one 
would expect, especially in view of the results of Section V.2 which suggest 
that the demand for telephone services in Canada is homogeneous with respect 
to region, that equations (3) and (18) would be in closer agreement. The 
income elasticities agree ouite well, but the (long-run) price elasticity 
in equation (3), it will be recalled, is well in excess of two. Since, 
strictly speaking, the Bell implicit deflator is appropriate only to that 
part of total revenue which is Bell's, the problem probably lies in equation 
(3) rather than equation (18). This is because, as was noted at the time when 
we were discussing equation (3), incorrect deflation will lead to a downward 
bias in the estimate of the price elasticity. Since this is the case, we must 
put more confidence in the price elasticity estimated in equation (18) than in 


the one estimated in equation (3). 


4. Evaluation of the results for telephone 


At this point, it will be useful to draw together the major 
considerations of the preceding pages: 
1. The demand for telephone services is characterized 
by strong habit formation. This is reflected ina 
short-run response in demand to a change in income 
or relative price that is small compared with the 


response in the long run. 
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The long-run elasticity of demand with respect to 


income is well in excess of one. This is true not only 


in the aggregate, but also for residences (both local 
service and long distance), and businesses (also both 
local service and long distance) taken separately. 
Local service for both households and businesses and 
long distance service for businesses appear to be 
independent of relative price. 

On the other hand, the demand for long-distance 
services on the part of households displays a sub- 
stantial long-run price elasticity. 

The demand for telephone services in Canada appears 
to be homogeneous across regions. 

The statistical quality of the estimated equations 


varies from excellent to only fair. The fits of the 


equations are extraordinarily tight, even for time-series 


data, and there are no problems of autocorrelated 
residuals. The coefficients of income and price are 
often not as significant statistically as one would 
prefer, but much of the time this can be attributed 
to strong trends in the data which introduce an 
undesirable amount of intercorrelation into the 


explanatory variables. 
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V. Empirical Results II: Telegraph and Cable 


Our analysis of the telegraph and cable subsector of the tele- 
communications industry employs the same Houthakker-Taylor approach as was 
used above, with revenue from the particular service under discussion taken 
to be the dependent variable in each equation. Because of the dominance of 
telephone services in total sector revenue, our investigation of demand for 
telegraph and cable has been less extensive than for telephone, and this 


emphasis (or lack of it) is reflected in the discussion which follows. 


Unlike the telephone industry, where revenues are dominated by 
local- and long-distance voice message components, the telegraph industry 
derives its revenue from a more diffuse set of services, and as far as 
possible, our analysis has taken account of this diversity. Our sources of 
data have been three. Time series for several categories of service are 
identifiable from the DBS publication, Telegraph and Cable Statistics, and 
these have been augmented with data made available by CN-CP Telecommunications, 
which provide a breakdown of service categories different from that given in 
the DBS data. Finally, we requested and received from the Trans-Canada 
Telephone System data on certain services competing directly with the tele- 
graph and cable carriers, and we have analyzed these both on their own and 


aggregated with CN-CP data. 


The services of telegraph and cable companies appear to be largely 
directed at business users. In discussion, representatives of CN-CP 
estimated that revenue from telegrams constitutes only about 16% of 


their total revenue, and in turn that only about 16% of telegram 
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revenue derives from "Social" rather than business use. Household or 


consumption use of services other than telegram is considered to be negligible. 


Given the importance of business use in total revenue, the appro- 
priate measure of income or activity level would seem to be gross national 
product (GNP) deflated by the implicit deflator for GNP to yield a measure of 
real income. However, because a substantial part of business use of telegraph 
and cable service may be in the nature of "overhead" activity or input into 
cyclically insensitive sectors, it is possible that a smoother income series, 
more akin to a measure of 'permanent' income, might be more appropriate. For 
this reason it makes sense to try a measure like personal disposable income, 
deflated by the GNP deflator, as an alternative index of income, and this we 
did. Since personal disposable income appeared to give marginally better 


results, it is the variable we employ in what follows. 


With respect to price data, the situation is also somewhat com- 
plicated. Both CN and CP have stated that prices for services other than 
public-message cable and money orders have not changed. Therefore, as an 
index of the prices for equipment rental, broadcast, and Telex service relative 
to the prices of all other goods and services, we have used the reciprocal of 
the GNP deflator. This variable proved to be insignificant in our analysis and 


has not been included in the final equations reported here. 


Prices for public-message services have changed, and for this 
category of service three possibilities suggest themselves. The first is to 
create an average price variable by taking the ratio of public-message service 


revenues to total number of telegrams (both series being reported 
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annually by DBS in Telegraph and Cable Statistics), thus obtaining a series 
on average price per telegram. Deficiencies arising out of the failure to 
take any account of possible changes in the distribution of calls over 
mileage bands, message lengths , or message class are obvious in this variable, 
and its relatively poor performance is therefore not surprising. In the 
end we elected not to use it. A second possibility is to draw from the 
tariff schedule the price of a specific message, while a third is to construct 
a weighted price index. 

Representatives of CN-CP Telecommunications made available to 
us a set of public message tariffs by mileage band for the period from 
1947 to the present, together with estimates of the overall price increase 
implied by each rate table change, obtained by weighting increases for each 
message category by the relative importance of that category in overall public- 
message service revenues. Chaining these estimates, we established a price 
index for public-message services, with 1947 taken as a base year and later 
values calculated by accumulating the company-supplied weighted percentage 
rate areas At the same time we extracted the price of a 25-word 
telegram sent from Montreal to Toronto, to serve as the alternative price 
feeenra All three series were then deflated so as to take a value of 1.00 
in 1967, and relative price series were then obtained by dividing by the 
GNP deflator, so as to yield a measure of the price of public-message services 


relative to all other goods and services. 


13/ | 
— Rate changes occurring in mid-year were averaged appropriately. 


= che 25-word length was selected so as to avoid some of the difficulties 
associated with the change, early in 1967, from 10 words to 15 words as 
the length of the telegram to whichthe minimum charge applies. As with 
the previous series, appropriate averaging was undertaken where necessary. 


ety ais 


With price and income variables thus available, regression 
equations were estimated for the revenue categories listed at the beginning 


of this chapter with results as described in the following section. 


DBS Revenue Categories 

Regression equations were estimated for total industry revenue 
as reported by DBS, and for various subtotals. The first of these subtotals 
was obtained by adding revenue from 'leased circuit' and ‘other leased plant' 
to obtain a series we called 'total leasing revenue'. Subtracting this from 
total industry revenue left a residual which we called 'transmission revenue'. 
(This series, it should be noted, includes revenues from many different 
services, among them telephone, telex pulse, broadcast and public-message 
service revenues.) Finally, from this residual we isolated public-message 
service as a separate category. 

For each equation in this section the data extend from 1250 
to 1967, but the introduction of a lagged variable required us to estimate 
the equation for the period 1951 to 1967 22/ 

Since almost all telegraph revenue derives from business sources, 
the underlying demand decisions will presumably reflect the number of businesses 
or - more likely - the scale of business operations rather than individual 
incomes and requirements. Thus we expect the equations estimated in an 
aggregate, rather than per capita, form to be superior, and this expectation was 
confirmed by our computations. Therefore we present only the aggregate equations 


15/ 


—-1968 data for COTC, which accounts for almost all of the difference between 
CN-CP revenues and total telegraph and cable sector revenues, are sufficiently 
odd that we have chosen not to extend the sample period to include the 1968 
observation in the equations for DBS revenue categories, although we have 
done so with respect to the CN-CP categories, which are not affected by the 
COTC estimates. 
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For total revenue as recorded by DBS,the following equation 
was obtained using the stock-adjustment model under the restriction that 


A, equals A,? 


Total revenue: 


= -9.15+. +. 
(19) a, 9.15 8821 a, _) 000662 x, 
(148) (6.0) (1.4) 
2 
R = .994 = = 2Lee5 DW = 1022 
e 


income elasticity (calculated at 1967 values). 


short-run 14 
long-run 2.30 
g = total industry revenue (in millions) 
x = personal disposable income (in millions)/GNP deflator (1967 = 100). 


This equation shows an income elasticity of .14 in the short run 
and 2.30 in the long run, confirming the relative insensitivity to cyclical 
fluctuations that we have come to expect of the demand for telecommunications 
service. Here, as below, the relative price variable based upon the 
reciprocal of the GNP deflator proved insignificant. A more appropriate 
price variable can be imagined, of course; one would like to see a weighted 
average which included the changing price of public-message service. 

But since more direct investigation of possible price effects can be undertaken 
in the context of the disaggregated eauations, we need not pursue the 

issue here. Despite the high nee the statistical guality of this equation 
leaves something to be desired, The coefficient of income is less than 

twice its standard error, and for the first time in this chapter there 

is an indication of positive autocorrelation in the residuals (as evidenced 


by the Durbin-Watson coefficient of 1.22). 
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Separating what we call ‘leasing revenue' from what we call 
"transmission revenue' leads to the following two equations: 


"Transmission revenue" 


= -7, +. +. 
(20) cm 7.226 4802 ery 000826 Xx, 
(=2.5) (21) C27) 
2 
R = .979 Se = 1.48 DW = 1,33 


income elasticity (calculated at 1967 levels) 


short run 44 
long run ie 
q = total industry revenue as reported by DBS, less revenue from 
DBS categories "leased circuit" and "other leased plant" 
(in millions) 
xX = personal disposable income (in millions) /GNP deflator (1967 = 100) 


"Leasing revenue" 


+ ,OO0226 (x, + ) 


(21) gq. = +7.32 + .8420q, | ee 
(-1.2) (Sey) (1.4) 
R* = .985 gy neee 181 DW = 1.56 
e 


income elasticity (calculated at 1967 levels): 2.28 


q = revenue from DBS categories “leased circuit" plus "other 
leased plant" (in millions) 
xX = personal disposable income (in millions)/GNP deflator (1967=100) 


As might be expected from the contractual nature of much of 
"leasing revenue", the inertia in this category is significantly higher 
than for transmission revenue, even though in the long run the income 
elasticity of leasing revenue (2.28) is greater. Both categories of revenue 
have grown faster than income in the period under study. With "transmission 
revenue" there is once again evidence of positive autocorrelation in the 


residuals. 
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Breaking revenues from leased facilities in turn into the two 
separate components "leased circuits" and "other leased plant", we arrive 


at the two equations: 


pleased Clrcule’ 


f22}, og, = -5.166, + .7886 gq, | 
coaly' (42) (1.4) 


+ .00017 Z 
0001796 (x, + x,_,) 


2 
R = .969 Ss 1.78 DW = 1.45 


income elasticity (calculated at 1967 levels): 2.01 


q revenue from "leased circuit" (in millions) 


x = personal disposable income (in millions)/GNP deflator (1967 = 100). 


"Other leased plant" 


a + . ; + 
(23) qd, 2.65 9027 Fey + .0000658 (x, x, _) 
(-2.0) (8.6) ea al 
Re = .997 S. = - 26 DW = 1.62 


income elasticity (calculated at 1967 levels): 4.02 


q revenue from "other leased plant" (in millions) 


x personal disposable income (in millions)/GNP deflator (1967 = 100). 
In both cases the most satisfactory form of equation comes with 

the flow-adjustment model (which also yielded the most satisfactory results 

in the equation for total leasing revenue). The income elasticity for eouation 

(22) is 2.01, while that for equation (23) is 4.02. Since "other leased 

plant" refers primarily to the leasing of terminal equipment, the high 


income elasticity undoubtedly reflects the recent rapid growth of Telex, 


remote-access computation, and data transmission. 
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Finally, from "transmission revenue" the revenues from public- 
message service can be broken out, and the equation for this category con- 


trasts sharply with those for the leasing services. 


"Public-message service" 


(24) Thos 34.504 + .4806 > Fie .000194 (x, - saat - 6.4729 (p, + eeey 
(3.9) 0313) (-3.2) (-1.9) 
R? = ,966 Ce te ETS DW = 1.79 


= 


elasticities (calculated at 1967 values) : 


income oP eT | 
relative price =-2.02 
q = revenue from public message service (in millions) / 


price index constructed from CN-CP weighted average 
price increase estimates 


xX = personal disposable income (in millions) /GNP 
deflator (1967 = 100) 
Pp = price index constructed from CN-CP weighted average 


price increase estimates/GNP deflator (1967 = 100). 


For this category, there is a negative relation to income (an 
income elasticity of -2.57), and, for the first time, a significant depen- 
dence upon relative price. The price elasticity estimated from this equation 
is surprisingly strong, with a value of -2.02. It is particularly surprising 
that the public-message category should be the only one to reveal a strong 
price dependence. However, there are three points to be kept in mind in 
assessing this result. The first is that the public-message service revenue 
category may be the only one of the DBS categories to correspond at all 
closely to a specific telegraph and cable service. Secondly, equation (24) 
is the first of the telegraph equations for which we have had available a 


price deflator tailored to the service under study, and hence have been able 
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to deflate the dependent variable properly. (Although it is argued that 

the prices of other services have remained unchanged over our sample period, 
in fact these services are stbject to very complex contracting arrangements 
and leasing terms, changes in which could be considered a change in the 
effective price of service, particularly relative to services offered by 

the telephone system.) Finally, the statistical bias alluded to earlier, 
resulting from use of the independent price variable to deflate the dependent 


variable, may act to exaggerate the observed price elasticity. 


These equations thus give us relationships describing total industry 
revenue, its breakdown into (roughly) transmission revenue and leasing 
revenue, and the decomposition of the latter into "leased circuits" and 
"other leased plant". In all these equations substantial long-run income 
elasticities are noted, though the actual fraction of income devoted to 
any of these services is very small. All these equations showed a negative 
intercept term, indicating a growth of revenue faster than the growth of 
income, so that the share of income directed toward telegraph and cable 
services is increasing. The exception to all this discussion is public- 
message service, where revenues are declining while income rises. Our 
equation suggests a substantial price elasticity, a result which is at 
variance with what seems to be general opinion within the industry. Even 
so, however, the price coefficient is barely significant, and, allowing for 
some bias arising from the negative correlation of the independent variable 
with our constructed dependent variable, the hypothesis cannot be rejected 


that demand for :this category of service is inelastic with respect to price. 


rae ee 


With the use of data supplied by CN-CP, it is possible to study 
revenues on a breakdown corresponding more closely to actual service 
divisions than does the DBS breakdown. The following section describes the 


results of our analysis of these data. 


CN-CP Categories 

From the data supplied by CN-CP, we have chosen to analyze revenues 
from message cable service (public message plus cable plus money order), telex=m 
program broadcast transmission, and private wire plus er oe ame rentals, 
together with total CN-CP telecommunications revenues. 

The sample period is 1956-68, the longest period for which both 
CN and CP data are available. Taking into account the lagged dependent 
variable, the regressions apply to the period 1957-68, except for Telex 
revenue, which, since it was zero in 1957, only covers the period 1958-68. 

For total CN-CP telecommunications revenue, the equation selected 


was from the state adjustment model estimated under the restriction that 


A, equal A 


3 Dy 


Total CN-CP revenue 


re, 


2 = -10.59 + .7414 + .000813 
(25) 2 stare SS 14 q,_, + -000813 x, 
(-1.8) (3.8) (1.8) 
2 
ee Wl 


income elasticities (calculated at 1968 values) 


short run SS 


long run 1.68 


167 


— Though ideally we should analyze pulse revenue separately from equipment 
rental, the CP data available to us do not distinguish between these 
revenues. 
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total CN-CP telecommunications revenue (in millions) 


1 
i} 


personal disposable income (in millions) /GNP deflator 
(1967 = 100). 
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The income elasticities estimated from this equation are .25 in 
the short run, and 1.68 in the long run. Comparing these results with 
equation (19) estimated from DBS data for the industry as a whole (including 
COTC and other small companies), we see that the latter shows a somewhat 
slower response to a change in income, but a larger elasticity in the long 
run. One may speculate that this feature reflects the overseas message 


Ae 
service component, but we have not pursued this. 


Turning to individual services, the first equation refers to 
private wire plus equipment rentals. For this category the simple static 
model, for the first time in this chapter, yields the best results, with 


the estimated equation being: 


Private-wire plus equipment rentals 


(26) q, SRL Se  eJ00982 x, 
(-3.1) (oc) 
2 
Rule #905 S. = 1.90 DW = .41 
income elasticity (calculated at 1968 values): 1.42 
gq = revenues from private wire and equipment rentals (in millions) 
x = disposable personal income(in millions)/GNP deflator (1967 = 100) 


Relative to the other equations in this chapter, this equation has 


both a low Ro and a serious problem with autocorrelation in the residuals, 


Pan vation of COTC data as set out in Public Accounts would be of interest 
ingthieeregarda, 
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as indicated by the low value of the D.W. statistic, but thus far we have not 
been able to improve upon it. The equation implies an income elasticity of 
1.42, a lower value than the elasticity of 2.28 estimated from equation (21) 
using the DBS data for leased plant and circuits, to which this CN-CP series 
corresponds most closely. 

For revenue from program broadcast transmission -- the trunking 
of broadcast material or transmission from station to radio or TV transmitter -- 
the estimated equation is of the flow-adjustment type: 


Broadcast transmission revenues 
cee ee ee ee eee ee 


ete Ds : +.0 emilee 
(27) q, 2.49 + 20534, 4 0000579 (x, + x, _4) PA235 Dd. 
(-3.6) (156) (S58) (630) 
Ho eA BTOR: poeta els DW = 1.29 
e 


income elasticity (calculated at 1968 levels): 1.93 


q = revenue from program broadcast transmission (in millions) 
xX = personal disposable income (in millions) /GNP deflator (1968=100) 
D = dummy variable taking the value 1 from 1957 to 1962 and 


zero thereafter, introduced to reflect the CN-CP loss of a 
large transmission contract to TCTS in late 1962. 


For this equation we have a relatively high income elasticity of 
1.93. The presence of some autocorrelation is indicated, but otherwise the 
statistical quality of the equation is acceptable. (With the inclusion of the 
dummy variable not many degrees of freedom remain from the short sample 


period in any case.) No significant price dependence is indicated. 


For Telex service,the most satisfactory equation we have estimated 


is of the old-fashioned static type, as follows: 
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Telex service 


(28) Ge eee OOTATT x. 
(19) (24) 
2 
RX = .984 B= 1.03. Di =v 2a3 


income elasticity calculated at 1968 levels: 2.54 
q = revenue from Telex service (in millions) 


personal disposable income (in millions) GNP deflator. 
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Again the income elasticity is high substantial autocorrelation 
problems are evident, and the price variable proves insignificant. Although 
alternative regression equations have displayed more substantial price elasticities, 
they ere even less acceptable statistically and less consistent with the 


aggregate equations. 


The most striking equation for the CN-CP revenue catergories, as for 
the DBS categories, relates to public message service. The equation is: 


Message cable revenue 


= ° ° =< a5 
q, 6.47 + .7410 ey 0000289 (x, x, 3) 
(26) (2.0) Ce) 
2 
RSC oe S. = 5852 DW? 8 <> 7 
income elasticity calculated at 1968 levels: -.60 
q = message cable revenue (in millions) 


x personal disposable income (in millions 1961 dollars) 


Although this equation displays a reasonably good fit to the revenue 
category, neither income nor constant terms are significant. The equation is 
therefore that of a simple process of decay. The income elasticity of -.60 
can be compared with that of -2.57 estimated from the equation for DBS public 


message service category. The striking feature of the comparison, however, is 
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that, unlike with the DBS data, the CN-CP data do not indicate any dependence 

on relative price. It should be emphasized, though, that among the difficulties 
attending this analysis is the fact that the services are new, the series are 
short, and the magnitudes involved are relatively eae Moreover, in many of 
the services there exists substantial competition with the telephone companies, 
so that revenues may reflect changes in conditions of competing services rather 


than changes in demand. 


For this reason we requested, from TCTS, data’ on a number of 
Similar services offered by the telephone companies. In some cases it proved 
impossible to assemble the required series in the time at our disposal, while 
in other cases the classifications of revenues were not fully compatible 
between carriers. Nevertheless, TCTS were able to supply data on revenues 
from TWX rentals from 1965 on, private wire, and program broadcast transmission 
(the last being an incomplete and possibly inconsistant tallying of individual 
company revenues from this service class). With these data we ran two re- 
gressions, one for broadcast revenues, and the other for rental revenues 
(aggregating the private wire and TWX series for the purpose); the estimated 


equations are given below: 


Telephone company "broadcast" revenues 


(29) Ley St -6.99 + .3752 qa + .000168 (x, + X,_1) 


(-2.6) Rs 4) (259) 


Ro wmerenoss Cid Ad DW = 2.13 


income elasticity (calculated at 1968 levels): 1.87 


18 : 
Those difficulties are in addition to that mentioned earlier, that the 


services are covered by contracts whose terms or conditions may change 
in ways that cannot be captured in single price indices. 
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telephone company "broadcast" revenues (in millions) 


1Q 
II 


ra 
Il 


personal disposable income (in millions) /GNP 
deflator (1967 = 100). 


Telephone company "rental" revenues 


(30) a, = -26.59 + .00121 x, 
(ee) Ces, } 
2 
Re (2ohosa Sane =t)'997 DW = .570 


income elasticity (calculated at 1968 levels): 2.02 


telephone company "rental" revenues (in millions) 


1Q 
Il 


x = personal disposable income (in millions) /GNP 
deflator (1967 = 100). 

The flow-adjustment equation for broadcast revenues is of 
acceptable statistical quality, with significant coefficients, the usual high 
R?, and a DW statistic close to 2. The measured income elasticity from this 
equation is 1.87, as compared to the value of 1.93 recorded for the same 


service for the telegraph companies. 


The static model for rental service, on the other hand, is less 
appealing statistically, but is comparable in this regard to the equation 
estimated for the same category of telegraph revenue. The relevant income 
elasticity is 2.02 for the TCTS data, as compared with a value of 1.42 


reported earlier for the telegraph service. 


Aggregated data for unregulated services 


By aggregating the data series across comparable services offered by 
the separate carriers, we are able to estimate equations describing total sector 
demands for Telex-TWX, rental, and broadcast services without distinguishing the 


carrier offering the service. The three equations are: 


eo 


TWX - Telex revenue 


ou = ay 22s 
(31) qe 00165 Xx, 
(=16:.) Cain) 
2 
R et YA) So a 71.338 DW genes 712 


income elasticity calculated at 1968 values: 2.61 


CN-CP Telex + TCTS TWX revenue (in millions) 


qe 


personal disposable income (in millions) GNP deflator 
(1967 = 100) 
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This equation suffers from the same serial correlation problems that 
appear in all the equations based on the static model. Nonetheless,the 
ratios are sufficiently high to remain significant even after the standard errors 
are adjusted for serial correlation. The income elasticity in the equation of 
2.61 is very close to the value of 2.54 found in equation 28. 

In contrast, the equation for total broadcast revenue is more 
consistent with the equations estimated for its components. Combining the 
data of course removes the need for introduction of any dummy variable to 


take account of shifts of service between the carriers. The equation is: 
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Broadcast revenue 


(32) Qi =) =3/64h 25027 ¢ + 000147 (x, + x,_1) 


\< ok abl t-1 
ee (1.4) (P36) 
2 
Re = .26E S = .67 DW = 1.66 
e 
income elasticity (calculated at 1968 values): 1.62 
q = total revenue from broadcast program transmission for 


TCTS and CN-CP (in millions) 


i} 


= personal disposable income (in millions)/GNP deflator 
The income elasticity estimated from this equation is 1.62, as 


compared with 1.87 for the telephone component and 1.93 for the telegraph 


component when these are analyzed separately. 


Finally the equation yielding the best results for rental revenues, 
based on a conventional static model, is 


Rental revenue 


(333) he ==3'7:. SO. S00 219 x 


(-5.4) (39) 


income elasticity (calculated at 1968 levels): 1.70 


total revenue from rental for TCTS and CN-CP (in millions) 


gq 


personal disposable income (in millions)/GNP deflator 


x 


The income elasticity of 1.70 associated with this equation compares 


with 1.42 and 2.02 for the telegraph and telephone compnents, respectively. 
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Conclusions for telegraph and cable 


It is clear from the foregoing that the results for telegraph 
and cable are considerably less satisfactory than those for telephone. The 
equations are generally of lower quality statistically -- coefficients are 
less significant, Rots are not as high, and positive autocorrelation in the 
residuals has made a belated appearance -- and there are clearly more anomalies 
than with telephone. The relative price is absent from the majority of 
categories analyzed, and the income elasticities in several might seem a 
bite high: The statistical problems with the CN-CP and TCTS categories 
no doubt reflect in part the fewness of observations with which we had to 
work, but there is probably something more fundamental at issue, not only 
with the CN-CP categories, but with the DBS categories as well. 

We have in this chapter totally ignored supply. Not only is this 
traditional in empirical demand analysis, but it would seem to be especially 
appropriate with regard to the demand for telephone services, for the conventional 
view (within the industry, certainly) is that telephone companies forecast de- 
mand for a number of years ahead and then make certain that there is 
adeguate capacity to service this demand when it materializes. Thus, for 

| 19 
telephone, capacity should never be a constraint on demand.” With telegraph 
and cable, however, hindsight suggests that supply cannot be safely ignored. 


It is not that transmission capacity has ever set more than a theoretical 


LY 


"A notable exception to this, however, though relevant to Canada only 
in terms of the lesson to be drawn, was in New York City in the 1960's 
when the New York Telephone Company failed to anticipate the rapid 
increase in data transmission. 
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upper limit to the volume of service that could be provided, but rather that 
new capacity put in place, especially the completion of the CN-CP Trans-Canada 
microwave facility in 1963, made possible the provision of a variety of 
services, particularly those relating to data transmission, that previously 
the telegraph companies were ill-equipped to provide. Thus, the problem 

in essence is one of new services. A similar problem exists in the telephone 
industry, but there the problem, at least during the period of analysis, is 
of less importance and can be ignored. With telegraph, however, this is not 
the case, for the putting-into-place of data transmission capacity quite 
Clearly gave the telegraph industry a shot in the arm. The upshot of this 

is that those revenue categories involving data-transmission revenues as a 
component should be analyzed as two subperiods, with the break being at 1963. 
This task, however, must remain for the future, for the short time series 


Clearly preclude it being undertaken now. 
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V. Empirical Results III: Aggregate Telecommunications Sector 


The previous two sections have examined revenues of the telephone 
subsector separately from those of the telegraph and cable subsectors. But 
for the user -- whether household or firm -- the services of these subsectors 
are to some extent simply alternative means to an end, and, while the 
characteristics of one subsector or the other may be better suited to a 
particular purpose, it is probably appropriate in many cases to think simply 
of an overall demand for telecommunications service. In this section we adopt 
such a point of view, estimating an equation for total sector revenues, and 
then separating out total household demand for telecommunication services as 
estimated from data from the personal consumption expenditure tables of the 
National Income Accounts. 

For the aggregate equation we have: 


Total telephone and telegraph and cable revenue 


(34) Tae -347.44 + .0259 x 7 13325 Py 
(=370) CLO. 24 ) (= 41) 
R? tI Ape ke A S. =! 928957 DW (= ese 


elasticities (calculated at 1967 levels) 
income 1.34 


relative price cacy, E 


total revenue of telephone, telegraph, 
and cable companies (in millions) 20 


q 


x = GNP in millions of 1967 dollars 


p = implicit deflator for total revenue of Bell 
Canada/implicit deflator for GNP (1967 = 100). 


Sore lepiiage revenues are deflated with the implicit deflator for total 


revenue of Bell Canada; telegraph and cable revenues are undeflated. 
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As can be seen, this equation is based on a conventional static 
model (a fact which is a little disappointing in itself) and shows no significant 
price dependence. Given the earlier results of this chapter showing the substant- 
ial variation in behaviour among the various sectoral or service divisions, and 
particularly given the inadequacies of the price measures employed here, however, 
a failure to obtain a successful equation for the aggregate containing all 
these diverse services is hardly surprising. Nevertheless we include the 
equation here as a convenient summary of the fraction of GNP represented by 
sales of telephone and telegraph services, both intermediate sales to business, 
and final sales to households and government. 

To deal with final sales (of the sector as a whole) to households, 
one may turn to an analysis based on expenditures by the user, rather than on 
revenues of suppliers. For personal consumption expenditurey this analysis 
has been carried out in detail by Professor Bakony in a companion study. For 
summary purposes we present here only a single equation of Houthakker-Taylor 
type describing consumer expenditure on communication services, estimated by 
Dr. T.T. Schweitzer of the Economic Council of Canada as part of a detailed 
study of consumption patterns in Canada. Dr. 


Schweitzer has kindly made 


available to us the equation which follows: 


(35) gq, = .938q,_, + .00740A x, + .00169 x, | 
Ne yo: (Bal) (1.67) 

- .026854p, - .00612 p, _, 
3.3) (258) 

Ro = .998 DW MI=POLE77 


elasticities (calculated at 1966 values) 


short-run 


income 


price 


44 


09 


long=run 


ao a 


where q = personal consumption expenditure on telephone, cables 
and telegraphs, and postage per-capita/implicit 
deflator for communications expenditures 
x = total personal consumption expenditure per-capita 
deflator for personal consumption expenditure 
p = implicit deflator for personal consumpfion expen- 


diture on communications service/implicit deflator 
For COtalaecr. 


This equation, it should be noted, includes postal services, and 
so is not strictly comparable to our earlier equations. Nevertheless, it 
displays the same low short-run, and high long-run, income elasticities as 
we have found to characterize almost all telecommunications categories, and 


the same apparent insensitivity to price movements. 


With this equation we conclude our analysis of expenditures on 
telephone and telegraph services. Further analysis of the determinants of 
personal consumption expenditure on these categories we leave to the study 
undertaken by Professor Bakony and more detailed market projections for 
particular industrial services we must leave to the studies prepared by the 


common carriers for the Telecommission. 
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Vis Concluding Discussion 

The demand for telecommunications services has several facets. 

Our results have shown guite conclusively that demand is not homogeneous 
across users. Business demand differs from that of households, and long- 
distance differs from that of local service. 

In general, one expects the demand for telephones themselves to 
be determined primarily by demographic factors (particularly the growth in the 
number of people just entering the labour force and the rate of family 
formation) and per-capita income. Our equation for the total number of 


telephones (see footnote 8) confirms that this is the case , for the growth in 


’ 
telephones per 100 population is strongly related to the growth of per-capita 
income. And, through extension phones and other special features, this 
influence can be expected to continue even as the number of telephones per 100 
households approaches 100. With careful demographic analysis, these relations 
could be elaborated, but we have not undertaken such work; this has been left to 
the studies of Bakony, and market projections of the common carriers. It 
would be possible to undertake a straightforward projection of DBS time series 
on numbers of messages handled, but again we have chosen not to do so. While 
numbers of messages may be an important -- indeed even dominant -- 
determinant of costs, it is not a satisfactory measure of demand. We have 
preferred instead to employ revenue measures, suitably deflated (where possible), 
as the dependent variable in our analyses. 

The main results from our equations are: 

le The demand for telecommunication services in general 

displays a great deal of short-run inertia. This reflects 


the well-known fact that telecommunications is not a 


cyclical industry. 
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ae The demand for telephone services, whether business or house- 
hold, local or long distance, is elastic with respect to 
income in the long run. 

as The demand for telegraph and cable services, except for 
public-message, is also elastic with respect to income. 

4. The demand for telephone local service and the demand for 
long-distance service on the part of businesses is insensitive 
to changes in relative price. The demand for long-distance 
service by households, however, is elastic with respect to 
relative price. 

oes The demand for telegraph and cable services shows no 
apparent sensitivity to relative price. 

a. The demand for telephone services appears to be homogeneous 
across regions of the country. 

With respect to the residence demand for communications services 
there are several issues we have not pursued. The rapid growth of metropolitan 
areas, and particularly their suburbs, will continue to alter the structure 
of local service, setting up pressures for further Extended Area Service 
arrangements. Increasing interest in more extensions and optional features 
will presumably continue. One such feature, which at present might be 
considered a frill, but evidently is introduced with an eve to later 
data transmission needs of households, is Touch-Tone dialing. What these 
developments, or the prospect of Daddy packing home his portable teletype with 


his brief case (as has already been done occasionally), will mean for residence 
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demand in the future, we cannot easily evaluate. To some extent the problem 
is one of detailed market analysis more appropriate to -- and better handled by -- 
the common carriers than ourselves. We can only take comfort, as we mentioned 
earlier, in the realization that these are developments which will evolve 
gradyally, without becoming significant until the end of this decade, and with- 
out any great break in consumption habits. 

Our discussion has also ignored some considerations with regard 
to business use. Time series observations for data transmission are too few to 
support regression analysis, and input-output data are too old to reflect 
this service at all. What is required is a complete input-output analysis 
based on a recent, disaggregated table, developing estimates of activity levels 
by sector and then, from outside information on the data transmission 
requirements of particular sectors, extrapolating the resulting demands upon 
the telecommunications sector. We cannot hope at this stage to develop a 


sufficiently detailed market analysis to generate estimates of this usage. 


Perhaps it is worth offering a few general observations even 
here, however, since some of the discussion seems in danger of losing perspective. 
Data transmission -- and computing generally -- are still inputs into production 
processes, and still perform tasks similar to those already performed by one 
means or another. More planning, more efficient record-keeping, more elaborate 
analysis of data are all possible much more quickly and efficiently than before. 
But the purposes are the same and the considerations of usefulness and cost- 


effectiveness are not altered. Problems of privacy and file security and 
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tiability for quality standards are aggravated with the introduction of the 
phenomenal capacity of modern equipment to absorb and massage data, but the 
problems are those of personal rights or property rights which have been with 
us since man first inscribed letters in a tablet. 

Specifically we would discount predictions often made that 
government or educational demand for telecommunications will increase so 
explosively as to overwhelm the communications system. We do not believe 
that government operations within the decade will be able to absorb the data 
processing facilities and techniques necessary to Sele such demand, nor do 
we believe that time-shared computers or other computer-aided instruction will, 
on examination, prove an economic substitute for many educational functions. 
The development of small and low-priced, but quite powerful, computers 
should tend to offset trends to vast centralized data banks with extensive 
data transmission networks to scattered users. 

Thus we end with a picture of a telecommunications sector 
dominated by telephone business, and a telephone sector in turn dominated by 
revenue from conventional telephone service to business, household and 
government. Traditional services will remain the primary revenue source, but 
the fastest growth will be associated with those services in which telephone 
and telegraph compete. The challenge ne public policy in promoting orderly 
development of these services, without restricting the lively innovation and 


improvement that might result from this competition, is obvious. 
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Estimation of Demand Functions - Theoretical Background 


The traditional approach in demand analysis is to estimate the 
demand function: 


= ie cee t v 
q Sees el aig = oye (1) 


nt 
where q, is the quantity of the commodity purchased at time t, f is a mathe- 
matical function whose form will be specified later, x is the level of 


income, P, is the price of the commodity, z 745/72, are any other variables, 


Ley 
such as lagged values of income and price or the prices of other commodities, 
and uy is a random error term representing factors not otherwise taken into 
account or possibly errors of measurement in q. Once the form of f is 
specified, the parameters of the function are estimated by standard econometric 
techniques from either time series or cross section observations on the 
variables. Ordinarily, time series data are based on market statistics, while 
cross section data refer to individual spending units. Given the nature of 

our assignment which, among other things, required the estimation of price 
elasticities and the projection of the demand for telecommunications services 


to 1980, it was clear from the outset that we would have to rely on time series 


data, and this we have done exclusively. 


Until recent years, the standard procedure in the estimation of 
the demand function in (1) has been to assume f to be linear in x and p (or 


possibly their logarithms), viz.: 


To, oe eT (2) 
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Once this is done, the task is to estimate, using time series observations on 


G77. 6. sand Pye the coefficients woe ae and a This is usually done by the 


i c 


method of least squares. However, research of the last twelve to fifteen years 
has shown that the static specification represented by equation (2) is seriously 
deficient in explaining the demand for many commodities, for it fails to 

take into account the fact that consumers do not adjust their expenditure 
immediately when there is a change in income or price. This means that current 
expenditure is determined not only by current income and price, but also by 

the values taken by these quantities in the past, houen it is naturally to 

be expected that the current values will receive the most weight. 

There are a number of directions in which the demand function 
in (1) can be extended so as to capture this phenomenon, but the way that we 
have chosen is through the dynamic model of demand developed by Houthakker and 
Taylor (1970) in their extensive analysis of consumer demand in the United States 
over the period 1929 through 1975. This model takes as its point of 
departure the generally accepted notion, expressed in the preceding paragraph, 
that current decisions are influenced by past behaviour. To make this idea 
operational, the model postulates a particular type of relationship between the 
past and the present. The effect of past behaviour is assumed to be represented 
entirely by the current values of eer "state variables", of. which 
inventories are a concrete (but not the only) example. These state variables 
are in turn changed by current decisions, and the net result is that of a 
"distributed lag": current behaviour depends on all past values of the explana- 
tory variables, though more on recent values than on very remote ones. 

The simple examples of Houthakker and Taylor will illustrate 


the principles involved. Let q(t) be an individual's demand for clothing during 
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a very short interval of time around t, let s(t) be his income during that 
interval, and let s(t) be his inventory of clothing at time t. All other 
variables will be ignored for the time being. The basic assumption is then that 


g(t )is OG +Bsbb)o tax (tb), (3) 


which says that the individual's current demand for clothing depends not only 
on his current income, but also on his stock of clothing. We may expect that, 
for a person with given tastes and given income, the more clothes he has to 
begin with, the fewer he will buy currently, which means that, for a durable 
good like clothing, we should expect 8 to be negative. However, Houthakker 
and Taylor go on to show that, if a more general interpretation of s(t) is 
allowed, equation (3) may hold for other types of commodities as well. Indeed, 
not only can the model in equation (3) represent the stock-adjustment behaviour 
just described, but also habit formation or inertia, which Houthakker and 
Taylor find to be an even more widespread phenomenon. 

Consider a commodity such as tobacco of which consumers do 
not normally hold physical inventories of any significance. By all accounts, 
tobacco consumption is habit-forming, which means that it does not adjust 
immediately to changes in income (or in prices either, for that matter) and 
that current consumption is positively influenced by consumption in the more or 
less recent past. In this case we can say metaphorically that the consumer 
has built up a psychological stock of smoking habits. His current consumption 
will be affected by that stock just as it is for clothing, but 8B will now be 
positive; the more he has smoked in the recent past, the more he will smoke 


currently (again on the assumption that tastes and income are given). 
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There is, of course, an obvious problem of measuring the stock 
variable when the commodity involved is characterized by habit formation, but 
Houthakker and Taylor stress that measurement is just as much a problem when 
s(t) refers to a physical inventory. In the case of clothing, s(t) cannot 
be represented simply by the number of suits, shirts, and the like, for some 
of these may be worn out and due for replacement; moreover, their heterogeneity 
also makes direct measurement hard. Clearly, some depreciated measure of 
inventories is needed, but the needed depreciation rates are usually not 
known a priori and would have to be either estimated from the data or guessed. 
Hence, even for durables, where the state variable has a concrete interpretation, 
it is desirable that it be eliminated. 

This is done by making use of the relationship connecting the 
rate of change of the stock with respect to time, s(t), to q(t) and depreciation 
on the existing stock: 

s(t) = q(t) - s(t) , (4) 
where 6 is a constant depreciation rate. This assumption of proportionality 
corresponds to the "declining balance" method of depreciation, which has been 
found to be realistic in many practical situations. For a good subject to 
habit formation, 6 measures the rate at which the habit wears off. Taken in 
conjunction with equation (2), equation (4) allows the elimination of the 
unobservable variable s(t). We shall skip over the details of how this is done an 
also of how the model, which as formulated above is in continuous time, is 
approximated by one involving time in discrete intervals, and go instead to 


the estimating form of the: model which involves only observable quantities: 
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; + 
tay * ASAx, + AsXe_y 


where Ax, = x, -x - Once estimates of the coefficients A. ...,A. are 
a = t-l1 Or 
obtained, estimates of the "Structural"parameters a, 8, y, and 6 can be 


obtained from the equations: 


2A, (A, - 1/2A,) 


Qa — ——e—eooe er ---- or -—- 
AL(A, + 1) (6) 
ae 2(A, - 1) i A, 
AL + 1 A, - 1/2a, eh 
: 2(A, - 1/22.) 
‘ay? a Aso 3) 
§ pps “38 re (9) 
A, - 1/2A., 


When the price of the commodity and the random error term are 
introduced into the model, the basic equation becomes 


q(t) =a + @s(t) + yx(t) + Ap(t) + u(t) Z (10) 


The depreciation relationship remains valid as it stands in (4). The estimating 


equation corresponding to (10) and (4) now becomes 


= + + + + 
qd Ay Ay _1 A, Ax, + Ax 1 A, AP, Ap eae ee Cun) 


c= t= be 


where vi is a moving average function of u(t). The relations connecting a, 8, 


y, and 6 to A_,...,A, remain the same as before, and an estimate of } is 


@) 3 


obtained from the equation: 


Sinn wi on) 
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Short-term vs. long-term effects 

One of the key features of the Houthakker-Taylor model is that 
it enables short-term effects to be distinguished from those that occur in the 
long-run. The short-run effect on consumption of a change in income is given 
by y, the coefficient of income in equation (10). "Short-run" in this 
context is taken to mean the instantaneous change in consumption which occurs 
before the stock variable has had a chance to adjust. The long-run is then 
defined by the condition that stocks are fully adjusted to the new level of 
income. This requires that s(t) in equation (4) be ee to zero, which means 
that in long-run equilibrium: 

Gg = és (13) 
where gq and s denote the long-term levels of gq and s. Ignoring the error term, 
we also have from (10) that 

q =a +t Bs + x + ay (14) 


which upon substituting q/é for § from equation (13) becomes (after some 


manipulation) : 


6=B 6-8 6-8 P ; (TS) 

From this equation we see that the long-term effect on consumption of a change 
in income is given by yé6/(6-8), which differs from the short-term effect y bv 
the factor 6/(6-8). For 8 <0, this factor will be less than one, which means 
that the long-run effect on consumption of a change in income will be less 
than the short-run effect. On the other hand, for B positive (but less than 4), 
the opposite will be true. 

These two results point up the very important difference in 
dynamic behaviour between goods subject to stock adjustment (8 < 0), and goods 


subject to habit formation (8 > 0). The former react sharply in the short-run 
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to changes in income, while the latter may react hardly at all. With goods 
subject to habit formation, time is needed to overcome the inertia inherited 
from the past. In general, we shall find that this is the type of behaviour 
which describes the demand for telecommunications services. 

Derivation of the short- and long-term effects on consumption 
of a change in price is parallel to that for income. From equation (10), the 
short-term effect is given by A, while from equation (15) the long-term effect 
is seen to be equal to Adéd/(6-8). Once again, we see that the one differs 
from the other by the factor 6/(6-8). Consequently, as with a change in income, 
a change in price leads to a change in consumption that is greater in the long 
mane than in the short run for goods subject to habit formation (6 > 0), and 


the reverse for goods subject to stock adjustment (8 < 0). 


An alternative dynamic model 

In a few cases, we have employed the alternative dynamic 
model that Houthakker and Taylor developed and used in their study. Unlike the 
model just described, which can be interpreted as an attempt on the part of 
the consumer to bring his stocks into line with income and price, the alternative 
model sees him doing this with regard to the flow. In its centinuous-time form, 


the model consists of 


ase taaa) (16) 


Ge et. i. F, CL) 


where q is the rate of change of consumption with respect to time and g is 
the desired level of consumption. The estimating form of the model is given 


by the equation: 
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where once again vie is a random error term. The parameters in (16) and (17) 


are connected to the A*'s in (18) according to the equations: 


k 
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Big) = . 
1 - A, 
In terms of equation (11), this model corresponds to A, = 2A so that 6 is 


indeterminate according to equation (9). 


In keeping with Houthakker and Taylor, we refer to this model as 
the flow-adjustment model, in contrast to the first model which we refer to as 


the state-adjustment model. 
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Ive PRODUCTION 


1. Introduction 

This chapter provides estimates of the contribution of each of 
the factors of production toward the output of the telecommunications industry.* 
In order to estimate the impact of the telecommunications sector on markets for 
inputs such as labour, equipment, and raw materials, it is necessary to know 
how such inputs are combined to create output, and how these input combinations 
may alter as a result of changes in factor prices, or shifts in technology. 

As discussed in Chapter II, we have elected to use revenue as 
the output variable in our analysis. This procedure has drawbacks in demand 
analysis, but for analysis of production relationships, revenue is even less 
satisfactory as a measure of output, for it fails to capture many characteristics 
relevant in determining costs of production. | Nevertheless, Since we lack any 
natural scalar unit of output, we fall back on the yardstick commonly used to 
aggregate different commodities, and employ revenue in constant dollars as our 
measure of output. 

The enterprise which generates this output might be subdivided 
into three major activities, as illustrated in Figure IV-1l. These are: 
local collecting and distributing (consumer loops), switching, and trunking. 


A different role and different technology are involved in each of these. 


i : : . 

For purposes of this chapter, the industry is defined so as to exclude radio 

and TV broadcasting, the post office, and communications equipment. It includes, 
in other words, SIC categories 544 (telephone) and 545 (telegraph and cable). 


Ecne might expect that numbers of messages would be more appropriate, since most 
factor inputs into production of telecommunications services would seem to be 
required for setting up a circuit, rather than maintaining the connection. 
Operator handling or switching activity certainly has this feature. Moreover, 
input requirements ought to be largely independent of the timing of a call (apart 
from loading at busy-hour peaks), even though this has substantial influence on 
revenues. Nevertheless, our trials with messages as an output variable have 
been uniformly less successful than our analyses employing revenues, and we 
report only the latter here. 
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Schematic Display of Activities in 


Telecommunications Service 
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Collecting involves the terminal equipment -- telephones and teletypes or 
other peripheral equipment -- necessary to relay messages to, or collect 
messages from, individual callers, and local wire loops connecting the 
individual to a local switching centre. There switching equipment routes 
local calls to the appropriate local exchange, and toll calls to a nearby 
toll centre, at which point the call is routed to an appropriate trunk line. 
Trunking then is the process by which switched messages are transmitted to a 
geographically distant toll centre by means of wire line, coaxial cable, or 
microwave facilities. 

Not all of the companies in the sector provide these three 
activities to the same degree. While the eight members of the Trans-Canada 
Telephone System maintain large trunking systems, most other telephone 
companies provide only local loops and local switching stations. It would 
clearly be uneconomic for each company (including those whose subscribers 
are concentrated in one small geographic area) to provide the trunks whereby 
its subscribers could connect with any person in Canada; on the contrary, it 
is efficient for geographically limited companies to rent trunking services as 
they are needed from the large telephone systems. 

The telegraph and cable companies also provide a variety of 
services, but the majority of these may be interpreted as falling in the 
categories of switching and pantahatiten We had hoped, in fact, to 


exploit this apparent specialization of function to learn something of the 


Canadian National provides telephone service in a large section of New- 
foundland, employing its own local loops for the purpose. But outside 
this one province, the telegraph companies rely largely for local service 
on loops leased from the telephone companies. 
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productive characteristics of the trunking a¢tivity itself -- clearly this 

is information one would seek in studying whether separation of roles along 
the lines of these subactivities could result in viable firms -- but the data 
we have available proved inadequate to the task. Nevertheless the question 
obviously should be pursued in any fuller study of production conditions in 
the telecommunications sector. 

Because of the joint use of common plant by most telecommunicat- 
ions services, estimates of the contribution of factor inputs to each activity 
separately are impossible to obtain from aggregate data. Long-distance voice 
messages, for example, involve the facilities of all three activities. It is 
impossible to separate equipment by type of output (at least within present 
classifications); the same problem exists, moreover, with respect to labour 
inputs. For a single company, therefore, the type of function one can 
estimate with the data presently available must involve aggregate revenue (or 
messages) as the dependent variable, with total capital and aggregate labour 
inputs for the firm as the primary explanatory variables. 

Despite the fact that traditional work in industrial organization 
considers the plant as the basic unit in production, our specification must 
focus on the productive characteristics of the firm. The reason is simply 
that, although it is in the plant that technological economies in combining and 
enlarging related activities are usually assumed to arise, the distinction 
between firm and plant is blurred in the telecommunications industry. The 
geographic isolation which helps to define "the plant" for manufacturing 
industries does not aid us in this sector, for each activity is, by its very 


nature, geographically dispersed. As a result, statistical estimates of 


~ Love 


productive characteristics can only be attempted for firms. 
One immediate consequence of this limitation is that we are 


unable to analyze possible economies of scale within the separate 


activities, even thouon such economies might arise in any of the three 


major activities -- collecting, switching, and trunking -- or at the 


level of the firm. 

The local network of telecommunications lines is similar in 
concept to other local networks such as gas and electricity distribution, 
or urban transit systems, the usual activities suggested by economists 
as examples of natural monopoly -- that is, as cases where long-run unit 
costs are lower if only one plant is permitted to serve the area. This 
definition of a natural monopoly does not imply that there must be 
economies of scale at all levels of output. Indeed, in principle a 
plant can be in the area of decreasing returns yet still be a natural 
monopoly, and at least one actual example of such a situation has 
been seucieas Therefore, we must be careful in distinguishing between 
economies of scale (resulting from proportionate increases in all £actors), 
including capital) and lower costs due to increased utilization of 
fixed plant, with a spreading of the overhead over larger outputs. (The 
latter case clearly involves a movement along an existing plant curve.) 

In fact, the usual reason for possible economies in large 
scale operations in the local drop-off activity is precisely the large fixed 


investment required in land rights-of-way, poles, and wires, an investment 


4 
D.A. Bowers and W.F. Lovejoy, "Disequilibrium and Increasing Costs: A 


Study of Local Telephone Service", Land Economics, 41, 1965. Even 
though unit costs are increasing for the existing plant, these 
average costs may be lower than if two or more plants divided the 
output. Bowers and Lovejoy found apparent diseconomies of scale in 
local exchanges with more than 59,000 subscriber lines. 
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which evidently would render uneconomic any construction of duplicate 

ss ’ ; : 
facilities by additional firms’, and which therefore provides a barrier 
to entry quite independent of any charter provisions, but an investment 


which does not necessarily generate economies of scale at every output. 


Economies of scale in switching activities would appear to 
originate, if at all, in the greater flexibility of network management 
or traffic routing, and the more efficient itil zation of backup facilities, 
possible in a large system. Certainly replication of existing switching 
equipment or toll certres should not in itself yield any economies of 
scale. 

On the trunking activity, similarities can be noted to other 
transport systems such as railroads and pipelines. Here also, improved 
utilization of overhead facilities is more likely to be the source 
of decreasing unit costs than are any economies of scale to be enjoyed 
within the trunking activity. Since construction costs, rignts of — 
way and antenna systems are approximately 40-50% of the total costs 
of a microwave system, and since an increase in the number of working 
channels does not require a corresponding increase in the number of 
standby channels, the costs of increasing the existing microwave 


capacity are far less for additions to the existing networks than for 


5 

The example sometimes cited as gqualifving this proposition -- the recent 
growth of possible competition in the form of cable TV networks which 
could conceivably offer two-way communication -- of course does not 


invalidate the suggestion. These firms utilize existing telephone 
rights of way and poles, and likely would be unable to compete with 
the telephone companies if the latter elected -- and were permitted -- 
to refuse such use in order to enter cable TV activity on their own. 
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building complete new systems. Thus, the conclusion seems inescapable 
that increased utilization of the existing microwave systems should 
result in lower unit costs for the trunking activity. The replication of 
microwave systems, however, seems likely to move in the opposite 
direction.° 

At the firm level, the common scale economies are in organi- 
zational activities, the purchases of inputs of supplies, financial and 
capital market dealings, and in advertising and promotion. 

Thus there are several distinct considerations which might 
give rise to possible economies pf scale within the different activities 
of the communications sector. Our analyses based upon data for the 
firm rather than its separate activities cannot isolate any of these 
causes individually, nor separate them from simply increased utilization 
ef overhead plant. 

A similar difficulty arises in attempting to compare results 
for separate firms or subsectors of the industry. Enterprises in the 
industry offer different mixes of services and face different cost 
curves within their separate activites; this heterogeneity of ser- 
vices provided means that neither the production functions nor the 
input requirements functions for different subsectors of the industry need 
be comparable. The upshot of this is that characteristics such as the 
contribution to production of different inputs or the importance of 
Apparent excess capacity (at prevailing prices) on existing microwave 

links and the potential capacity of the proposed domestic satellite bring 
to mind another analogy with the railroads. In the nineteenth century, 


uncoordinated investment decisions resulted in three transcontinental 
rail hbinks, two too many. 
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economies of scale may depend heavily on the specific activities 
of the particular company analyzed. 

With these conceptual limitations in mind, we turn now to 
consider statistical relationships which can be used to describe 
production conditions, and certain data limitations which plague 


estimation of these. 


a ) 
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2. Statistical Relations to be Estimated 

Given the conceptual problems just outlined, we must, in 
describing the technology of the sector, depend upon statistical relation- 
ships estimated (at the level of a firm or subsector) in one of three forms: 

a) an input-output matrix or sets of activity vectors; 

b)* a production “function; 

c) a set of input requirements functions. 

Because adequately detailed input-output data are unavailable, 
we provide estimates only of the latter two types of relationships. 
(Brief reference to overall features of the production process illustrated 
by material drawn from existing input-output tables for Canada for the 


years 1949 and 1961 can be found in Chapter II.) 


Production functions 

The production function summarizes the complex engineering and 
scientific technology of an industry. At first glance, therefore, it 
might seem best to use engineering data to estimate technological 
relationships describing individual production processes, but such infor- 
mation is simply too detailed for our present purposes. We have therefore 
utilized conventional production functions based on statistical aggregates. 

To estimate the production possibilities open to a firm, one 
requires plant data on various levels of input and the associated levels 
of output. Assuming that output and inputs are measured in physical 
terms,it is possible to estimate statistically the parameters of a function 


representing the production frontier -- that is, showing the maximum output 


b) 
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attainable from efficient use of given inputs. However, when the data are 
current dollar values rather than physical quantities and refer to a firm 
rather than a plant, certain problems of estimation arise. We have attempted 
to meet these difficulties in an appropriate fashion, but we omit discussion 
of these theoretical issues here. 
The functional form yielding the best estimates is the 


; i, 
"Cobb-Douglas production function" 


Y = Au ee 
‘ Me OK, (1) 


where Y, L, and K are measures of output, labour eee an and capital 
services, respectively. The two parameters of primary interest, the elasticit 
of substitution,o , and the returns-to-scale parameter, y , are easy 
to estimate in this form, since use of the Cobb-Douglas production 
function implies a constant elasticity of substitution equal to one, and 
the returns to scale parameter y is given by y= at 8 

By many standards, the results obtained by use of this estimation 
procedure were adequate. Nevertheless, certain inconsistencies between 
results for various industry subgroups were troubling, and the use of 


input requirements functions suggested itself as an alternative. 


Input reguirement functions 
While a production function estimates the maximum output which 
can be produced with given inputs, one can also summarize the technology 


of the production process through a set of functions which indicate, for 


4 
It is interesting that the simple Cobb-Douglas form yielded good results, 


Investment in the industry is lumpy and some types of equipment have 

long lead times between order and delivery. Capital is long-lived, yet 
different vintages have far different characteristics and efficiencies. 
For example, equipment used today for switching includes mechanical 
cross-bar devices first installed in the 1920's and electronic compo- 
nents first introduced a few years ago. However, Solow (1962) has demon- 
strated that even if the plant technology is one of fixed proportions, 

a Cobb-Douglas form may frequently give a good approximation to the 

long run equilibrium conditions of the,industry. 
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a given amount of output, the minimum inputs required to produce that output. 
These are referred to as input requirement functions, and might be particularly 
useful in an industry like telecommunications where the level of output 

is often thought to be primarily determined by factors external to the indus*ry. 
By turning the production function around, such functions may 

serve better for purposes of accurate forecasting. And since one of our 
concerns is to obtain estimates of future demand for inputs, this 

advantage is important in our analysis of production. 

These input requirements functions relate inputs or components 
of cost to the level of output (with the implicit hypothesis that variations 
in factor prices are absent or are less important than variations in output 
for the determination of input levels). They may therefore be thought of 
simply as decompositions of conventional cost curves. 

Such functions may be estimated in the form 

5 = co =F Oe Me of Bs ws ae ee ae Vol (@)) 
where 

Ie, denotes the flow of input i in period t 

ae denotes revenue in period t 

M denotes the number of messages in period nates 

D. denotes an index of technical change at time t. 

If there are economies of scale in the use of input i, one 


would expect the estimated constant term Cc. in the above eguation to be 


positive and statistically significant. 


SBoth revenue and the number of messages are included in these equations because 
of the very different impact which increases in demand for local service, as 
compared to long distance services, have on input requirements in the short 
run. Since local service is sold for a fixed fee, if the demand for local 
calls increases, while the demand for the number of telephones remains 
constant, there are increased input requirements, but no increase in revenue. 
When the output measure is local revenue, a short-run increase in telephone 
calls actually may lead to a decrease in measured labour DrOcUctIvity. 


c) 


a ES) ata 


Productivity functions 


The input requirements functions focus on the question of 
economies of scale in particular inputs by studving functions relating 
inputs or costs, one by one, to levels of output. An alternative approach | 
focuses on the issue of factor substitutability by studying functions relating 

| 
input proportions to input price ratios. Such functions we may call 
productivity functions. 

The reasoning underlying the productivity functions emphasizes 
the hypothesis that input ratios are determined by the target of profit 
maximization. For a particular firm, one may have data on its past 
behaviour in selecting appropriate input mixes to produce projected levels 
Of output. Neglecting technical Change the services of a Speci f£1ei7pucL 
in any one period can therefore be considered to he related to the expected 
output of the firm in that period and the price of the input relative to 
its substitutes in the production process. If output is expected to remain 
constant, the firm will adjust its mix of input services when the relative 
prices of these inputs change. As expected or desired output increases, 
moreover, the amounts required of any input will increase. However, not 
all adjustments to changes in the relative prices of inputs can be expected 
to operate instantaneously, for to order new equipment or to find and 
train new employees may take time. For this reason, it is necessary to 
include lagged relative prices of inputs in the current demand equation 


for-am anput. 
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Rather than explaining the demand for an input as a function of 
output and relative prices, we estimate the ratio of the input to output as 
a function of relative prices. This procedure accords directly with the logic 
of the cost minimizing model; moreover the ratios of inputs to output (or 
their inverses) have traditionally been of interest. The ratio of output to 
labour is average labour productivity, while the ratio of capital to output 
is a statistic often used in analyzing economic growth. Yet a third ratio of 


interest is the capital/labour ratio, and this too, we have attempted to explain. 


For these aggregates, the functions estimated have been of form: 


(Q/1), = alw/pr)) + Blw/pr),_, + y(w/pr) 4 + 4, (3) 


where the definitions of these variables are as follows: 
QO: output measure 
I: input measure 
w: average wage rate 
r: interest rate or rate of return on capital 


Pp: price of investment goods. 


The estimation of productivity functions involves an important 
behavioural issue. The underlying hypothesis, as mentioned above, is that of 
a profit-maximizing firm facing perfect markets for factor services and for 
output. In application to a regulated natural monopoly, this hypothesis 
clearly is inappropriate. An extensive literature treats the issue of production 
decisions in a regulated firm, and concludes generally that there will be 


inefficient use of inputs. The reason cited is simply that the effect of regulation 
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according to a “fair rate of return" on a rate base tends to favour capital | 
accumulation because of its direct favourable impact on permitted revenues. | 
Were this in fact the case, our estimation of a production 
function would itself be suspect, since the procedure is grounded upon the 
assumption of efficient use of inputs. But we believe that the argument 
is misconceived, overlooking the durability of fixed capital goods. Instead, 
we argue that within the production decision itself, the situation is one 
of fixed capital stocks, with decisions only on other variable inputs 
remaining to be taken,and no reason for these decisions not to lead to efficient us 
of resources in light of the fixed plant in place. Where distortion 
arises is at the point of the investment decision, when the quantity of 
capital to put in place is determined. 
Under these circumstances we should expect to have more success 
estimating a production function, which simply relates observed inputs to 
observed outputs and entails no explicit maximization hypothesis, or input 
requirements functions, which relate more detailed input categories observed 
to be associated with specified output levels, than productivity 
functions, which entail an explicit cost comparison between the two main 
input categories as if both were instantaneously variable. This expectation 
is confirmed in our empirical work -- indeed it was this that led us to 
question the so-called "Averch-Johnson" effect -- and we therefore do not 
report upon productivity or factor intensity functions in what follows. 
So far as we have been able to determine, no conventional relationship 
between factor intensities and factor price ratios prevails in this sector. 
Since this result accords with what the above reasoning would suggest 


should be the case, we take it at face value for now. 
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d) Data limitations 


We have already referred to several conceptual difficulties in 
the analysis of production relationships within the sector; joint use 
of common plant prevents identification of separate relations within the 
separate activities of the sector, lack of physical measures of outputs 
forces estimation of relationships between constant dollar magnitudes, and 
engineering data are too detailed for the aggregate relationships we seek. 
One consequence of these constraints in combination is that it becomes 
impossible to isolate the sources of possible economies of scale or to 
separate these from the benefits of increasing utilization of existing 
overhead plant. 

In addition a number of practical limitations on available 
data have to be noted. In general we have no data on capital services 
inputs; what we have is data on a capital stock (and frequently only 
a book value, sometimes depreciated, of that capital stock). Thus at 
best we require a capacity-utilization index which would allow the conversion 
of the capital-in-place series to a capital services series. No such | 
series suggests itself, however. Conventional approaches to constructing 
a capacity-utilization index obviously fail when applied to a network with 
a dramatic peak load problem and a geographical extent which ensures that 
much of the network must be idle much of the time. Nor is it easy to 
assess the effect of "redundant" equipment, installed to keep the probability 
of "lost calls" below some specified tolerance level, on such a capacity- 
utilization index. Seeing no alternative, therefore, we employ data on 


deflated value of plant, book value of plant net of accumulated depreciation, 


2 


or book value of plant gross of accumulated depreciation, as a substitute 
for data on inputs of capital services. 

Similarly, except in the case of data for Bell Canada, we have 
used numbers of employees as a measure of labour input, even though these 
values do not reflect any change in the number of hours worked per man per 
year, nor any changes in the skill mix within the labour force. 
Where possible -- that is, in the relations estimated for Bell Canada data -- 
we have employed a wage-weighted index of labour hours as measure of 
labour services. 

Thus, to summarize, our investigation of the characteristics 
of production in the telecommunications sector is based initially upon the 
use of an overall production function. In principle this single function 
reflects all relevant aggregate features of the prevailing physical con- 
straints upon the transformation of inputs into outputs. Subsequently 
we studied input requirements functions and productivity functions separately, 
the former relating inputs or components of costs to levels of output, the 
latter relating factor proportions to factor prices. In the next section 
we describe the results obtained from eStimates of such functions for Bell 
Canada, TCTS, and the telegraph and cable subsectors respectively. Esti- 
mation of similar relations for telecommunications services as a whole 


has not proved feasible thus far. 


= 163 = 


3. Empirical Results 

As indicated above, data availability varied among firms and 
subsectors of this industry. For the purposes of this chapter, data relating 
to a single firm -- Bell Canada -- were most complete and appropriate, 
while data relating to the telephone subsector as a whole were superior to 
that for the telegraph segment. Three estimates of each function are 
therefore attempted: one for each major segment, i.e. one for Bell Canada, 


one for the telephone sector, and one for the telegraph sector. 


I. Bell Canada 

Bell Canada is the dominant firm in the telecommunications 
industry. In 1967 it earned 60.5% of all revenue earned by telephone 
companies and 55% of the revenue earned by telephone and telegraph companies 
Ponerher? = The next largest telephone company, B.C. Telephone, is 
only 1/6 the size of Bell Canada. Canadian National-Canadian Pacific 


Telecommunications is approximately one-tenth the size of Bell Canada. 


a) Production function 
Table I shows that there has apparently been considerable change 
in the productive characteristics of Bell Canada. The capital/labour ratio 


measured in dollars of net capital stock \.per man hour increased from 


"This measure considerably understates Bell Canada's actual size, for it 

has substantial interests in other telephone companies whose revenue 

is not consolidated with that of Bell: New Brunswick Telephone, Avalon 
Telephone Company, Northern Telephone, and Maritime Telephone and Telegraph 
(and a number of smaller telephone companies). Bell owns 100% of Northern 
Electric, Canada's largest telecommunications equipment manufacturer. 
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feos 1n, 1952) to 41.75 in 1967 (2328) .*° The capital/output ratio increased 
from 2.83 in 1952 tov3s375 in 1961, ‘then decreased to 3.46°in 1967% 

Revenue per man hour increased 171% in this same period. The number of man 
hours increased 30% between 1952 and 1967, although this figure masks a 
decrease in man hours for the years 1959 through 1962. The capital stock, 
however, grew some 332% over the same period. 

An analysis of the annual rates of change of the revenue, labour, 
and capital series demonstrates marked differences in the within-decade 
growth of each series between the 1950's and the 1960's. The annual 
percentage increases in the measured capital stock averaged 17.7% in the 
1952-60 period, and 9.5% in the period 1961 through 1967. In the years 
1958-62, while the capital stock increased nearly 40%, the number of 
manhours worked decreased by 8.7%. 

A possible explanation of these trends is offered by Canada's 
Telephone Industry in Perspective (1969) published by the Telephone 
Association of Canada: 

Direct Distance Dialing was first introduced in Canada 

in 1956... In 1958, the first full-scale Canadian installation 

was completed in Toronto... when dial equipment first took 

over the job of handling local telephone calls, there were 


predictions that thousands of operators and other telephone 
people would be out of work. To the contrary, after a 


10), test suggested by Solow (1957) was used to examine whether this 


technical change was in fact "neutral" (in the sense of Hicks). 
Test results suggested that the observed technological progress was 
Capital-augmenting. When using a Cobb-Douglas production function, 
however, one is unable to distinguish the various forms of 
factor-augmenting technical change, so that the technical change 
that did occur can therefore be represented by a simple multipli- 
cative shift. 
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temporary halt in the employment curve... improved 
transmission methods are generating greater demands for 
service... ime 


Thus the marked differences which appear in the data after 1958 
may be due to the heavy capital investment undertaken by Bell Canada prior 
to 1958 in order to implement a more efficient long distance calling 
serviaae* This investment was not fully completed until 1958 when 
customers in Toronto could call other areas by Gi fect aiseancenatai ine (DDD) . 
The successful implementation of DDD in that year led to a reduction in 


employment in the three following years and a generally lower rate of 


3 
growth of labour services in the pers” 


1 
orieehes evidence on the significance of the 1958 break can be offered. 


A regression of the form R = AL°KSeY* for the period 1952-67 yielded 
poor results, with high serial correlation in the residuals. Analysis 
of the residuals of this equation showed that between 1952 and 1957 the 
residuals are positive, from 1959 to 1964 they are negative and for 1965 
through 1967 they once again are positive. Output predicted from the 
combinations of labour and capital is thus being overestimated in the 
periods 1952 to 1957 and 1964 to 1967 and underestimated in the middle 
period. 

A division of the period into two sub-periods 1952-58 (direct 
distance dialing came to Ontario late in 1958), and 1959-67 yielded far 
better results, with the serial correlation eliminated. Covariance 
analysis indicated that the subperiod. regressions did in fact come 
from different populations. 

While dividing the overall regression into two sub-regressions 
may have yielded coefficients which are a priori more sensible and 
decreased serial correlation, it is questionable whether this rather 
arbitrary procedure in fact adds to our knowledge since it provides no 
explanation for the apparent break in structure. 


ote are not suggesting that this was the only technological advance in 
this period. For example linemen became more efficient through the use 
of crane trucks (telsta trucks) which eliminated climbing of poles. 
te toe direct distance dialing, an operator answered the call "by plugging 
one end of a cord circuit into a "jack" (or hole) on the switchboard; 
and completed the call by plugging the other end of the cord into an 


outgoing jack". (Canada's Telephone Industry in Perspective, p. 43-44). 
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Table II gives the percentage of station-to-station toll calls 
dialed by the customer for 10 companies during the period 1952-67. The 
rise in this percentage from zero reflects the technological change 
discussed above -- namely, the replacement of operator switching systems by 
machine switching systems. This percentage of station-to-station toll 
calls dialed by the customer has been used as a proxy for technological 
change. 

Although this index implies the absence of technological progress 
over the period 1952-57, it remains the best measure of the pace of tech- 
nological progress we have found. Attempts to introduce an additional 
trend to account for improving technology over this early period failed, 
presumably because any improvements \'ere masked by heavy initial in- 
vestments not utilized within the period. 

To estimate the production function in value-added terms, we 
deduct from the dependent variable the amounts of raw materials into the 
production process, and the indirect taxes paid by Bell Canada. Table III 
gives the percentage of constant-dollar revenue accounted for by the inter- 
mediate inputs of raw materials, services, rent and supplies. Also 
shown in this table is the amount of indirect taxes paid by Bell Canada. 

As can be seen from the table, raw material requirements fell in this 
period from 20% of revenue in 1952 to 14% of revenue in 1967, while indirect 


; ; 14 
taxes were a relatively constant share of revenue in this period. 


Sere ar san with the input-output results cited earlier shows some 
discrepancy between the figures here for Bell Canada and the input- 
output estimates for the communications sector as a whole. Examination 
of more detailed tables for the U.S. (in 1963) shows that broadcasting 
is recorded as having very high purchases of raw materials (namely 
intermediate goods purchased from the service sector called amuse- 
ments), so that for the sector as a whole the recorded raw materials 
input may be greater than for telephone alone. Possible differences 


in recording equipment and construction outlays as ©*Ppensed raw materials 
or purchases on capital account may also be involved. 
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TABLE If 


Percentage of station to station toll calls dialed by the customer 


Year Bell Maritime New Quebec Manitoba Sask. Alberta B.C. Okanagan 
Brunswick (exc. Bell) 


USI 0) O O ) @) O O O 0 
LoS O 0) O O 0) fe) ie) O 0 
1954 O 0 O O fe) O O O 0) 

IE) SyS) O O @) O O 0) 0 O 0 
USNS: 0) 0 O fe) O 0 fe) O 0 

LO 5y 1.4 0) O 0) 6) O O 0 0) 
1958 6.0 O O 0 0) Or 0 ) 0 
1959 1053 O 0 O O O @) 0 0 
1960 M5 S 0) O O O 0) O O 218 
GH 2370 ) 0) O O O 2 LS) 53g 
a962 2 0) 0 O ) O 0 Zar 23.4 55 28 
1963 oy ee 0) O ¢) O O oe) eho gS 55 
1964 3843 LD ad Alene 0) 0) Ye 14.5 pe 5620 
TI 65 44.1 Li. 2 1203 O ne am Se 2125 Sm 54.0 | 
1966 47.9 Ao 20.3 WM Ge WEG 7 I'S) 5G 28.2 39.8 52.0 | 
1967 SG DPhp, 3055 15.4 Z0ys 26.1 42.6 so.4 54.0 | 


Source: Data provided by Trans-Canada Telephone Association 
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TABLE TLE 


Constant Dollar (1967) Raw Materials and Indirect Taxes, as a Percentage 


of Constant Dollar (1967) Revenue 


Raw Materials, 


Year Services, Rent, and Supplies Indirect Taxes Sum 
(2) (3) eZ) +(3) 
Une hep 20) J 4.6 24.7 
253 i973 4.6 24.5 
1954 20,3 4.6 24.9 
1955 2120 4.6 25:26 
1956 pe al 4.5 26.6 
aod 20.0 4.6 24.6 
155 20.4 4.6 257.0 
D259 1966 4.7 24.3 
1960 LOOL 2.9 24.0 
1961 1826 are 23.8 
1962 16.9 sae PSS 
1963 LdeS 4.9 PAIN 
LIo3 16.5 4.8 Zles 
L565 1645 ay 212 
1966 heyy 4 4.9 20.6 
Loe 7: 14.0 BO 19.0 


Source: seOlleyv; op.cic. 
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The Cobb-Douglas function finally estimated for Bell Canada 


is therefore of the form: 


or log 


where 


V 
te 


yD 


q@ 6 
K 4 
AL, ae t (4) 


= + 
A + olog Ly + Blog Ky yD, (5) 
constant dollar revenue, year t (1967 dollars) (millions) 


manhours adjusted for the changing mix of employment (millions) 


net capital stock year t, adjusted for real depreciation, 
1967 dollars (millions) 


percentage of station-to-station toll calls dialed by the 
customer. 15 


The equation is: 


log Va 


= A + alog L + Blog K. oF yD, R? DW Se (6) 
-.26 .705 -405 -010 era Pig 
(=,61) (4.9) (6.8) (S23) 


Statistically this equation appears to be thoroughly satisfactory. The coef- 


ficient of the technological change term has the appropriate sign and indicates 


that an increase in the percentage of toll calls handled by the 


LD 


The source for data’on R,;L,K was Olley, R.B.) Productivity Gains in) a upise 
Utility - Bell Canada 1952 to 1967, Canadian Economics Association Meeting, Winnipeg 
June 1970. A brief description of the procedure used by him to arrive at real 


dollar estimates is as follows: 


: 


a) R: current dollar series adjusted by Bell index of price changes for sub- 
categories of revenue. 
L: actual hours worked adjusted for skill differentials by assuming that 
the wage for each type of labour measured its skill in relation to the 
average wage for all labour in the base year 1967. For example if the 


average wage for all employees was $3.00/hour, and telephone operators 


\ 


received $2.00/hour, then it is assumed that operators are 2/3's as skilled 
as the average labourer and the total hours worked by operators is multi- 


plied by .667. 


K; wsing telephone plant price indexes (1967 base) and age distributions of 
the net stocks of physical capital in place in each year, a net constant 


dollar capital stock series is constructed. 
The data used for the estimation of equations is marginally different from the 
data presented in the preceding tables. The regressions utilize the data presented 
by Olley in June 1970 rather than the 1969 memorandum to the rate hearings. 


. 


“ 
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customer permits the handling of a larger number of calls (and hence 

increases revenue) without corresponding increases in factor inputs. The 
coefficient on the variable Me represents an estimated rate of technical 
progress of about 4.75% per year, after completion of the initial gestation 
lag on the heavy initial investment. Its inclusion in the equation sub- 
stantially improves the results - the percentage of explained variation rises, 
the degree of serial correlation falls and the coefficients a and 8 change 
noticeably. The sum of the coefficients of capital and labour ( a and 86 ) 

or the measure of the economies-of-scale parameter is 1.110 which is 
significantly greater than unity at the 97.5% level, and implies that 

a doubling of all inputs would raise output by 110% rather than 100% 

as would be the case with a constant returns-to-scale function. For com- 
parison with later equations, Appendix I sets out production function 
estimates for Bell Canada employing either alternative formulations or alternative 
data series. In order to obtain a somewhat different perspective on the 
question of returns to scale, we also estimated input requirements functions 


of the form indicated above. Let us now turn to a discussion of these. 


Input requirements (cost) functions 


Estimating a relationship between output or scale of operation 
(as measured by revenues and numbers of messages) and various inputs 
or components of cost, we obtain the results presented in Table IV. As 
indicated above, we look to the sign and the significance of the intercept 
term for an indication of the presence or absence of increasing returns 
to scale. However, the possible multicolinearity introduced by the simultaneous 
inclusion of two output variables (which generally must change together) may bias 
the coefficients; therefore we present, in Table V, estimates of the relationship 


between various inputs and a single measure of output, revenue. 


ie 


In Table IV, three of the four equations display significantly 
positive constants. Equation (2) suggests that economies of scale do not occur 
in the utilization of the services for plant craftsmen who install and repair 
equipment. Of the six equations in Table V, four exhibit increasing returns: 
the average number of employees, the average number of adjusted manhours, 
the average adjusted hours of telephone operators, and average raw material 
inputs decrease with increased output. Average hours of plant craftsmen (v) 
and total wages are apparently unrelated to output Beate? 

Equation (1) suggests that an additional dollar of revenue is 
linked with .24 of an hour of an operator, while an increase in the number of 
messages reduces labour requirements, as does an increase in the percentage of 
toll calls dialed by the customer. The negative relation between messages and 
operators is difficult to explain, except as a consequence of the interaction 
between the two measures of output included in the equation. An additional 
dollar of revenue is associated with .14 hours of plant craftsmen's time, while 
an additional message is accompanied by .02 hours of such time. The negative 
correlation between plant craftsmen and the percentage of calls dialed by customers 
may reflect the decreased maintenance which more modern equipment requires as 
compared with older plug-in type awitenboarae: Raw materials, (Equation (vi), 
Table V) are negatively related to output measures. This result suggests that 
raw materials represent an overhead input for this sector, for, as we have observed 


before, much of material inputs apparently flows to construction and maintenance. 
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TABLE IV 


Input Requirements Functions - Bell Canada 


10 = : 
+ + + 

| a Cc ae DM CD; R DW 

| 

(1) Telephone 115.3 .238 ~.016 -1.43 .9176 82 

| Operators (6.9) (351) (-2.5) (-3.3) 

(2) Plant Craftsmen 9.54 .156 .019 -2.11 

| (.63) (2.3) (ine) (-5.4) Sige ries 

| b 

(3) Raw Materials, Bee . 0006 -0002 -.022 9729 1.54 

(log) Cla.) (.91) (5.8) (-5.3) 

(4) Number of 2.84 .002 .00004 -.019 dope one 

Employees (log) (25) (4.7) C150) (-7.3) 


*time trend rather than CD 


Wages: total wage bill, deflated by Bell revenue price index - 
millions of 1967 dollars 


Telephone operators: millions of hours (adjusted for changes in the 
skill level as described in footnote 15, p.23) 


Plant craftsmen: millions of hours (adjusted) 

Raw materials: millions of constant (1967) dollars 
Indirect taxes: millions of constant (1967) dollars 
Telephones: thousands of telephones 

0% revenue, millions of constant (1967) dollars 
M,: messages, billions 


D,* percentage of toll station-to-station calls dialed by the customer 


Sources: Wages, plant craftsmen hours, operator hours, number of telephones, 
number of messages - Bell Canada Data 


Other Variables: *Olley Clon .A.o? Op micit. 
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TABLE V 


Input Requirements Functions - Bell Canada 


= + 7 R DW 
1a 6 a 20): bD, 
(i) Wages -12.5 -524 =2'.25 
-(1.5) C7) -(8.7) eae ae 
(fi) Number of 2.90 .002 -.018 
.847 1S We 
Employees (log) (38.) (351) (-7.4) : 
(iii) Number of Manhours 24.15 pp ak -./38 
c 1.14 
(adjusted) (6.8) (8.0) (-6.5) at . 
(iv) Telephone Operators eye Bia eLOS -1.75 8763 53 
(adjusted hours) (520) Chez) - (3.6) i . 
(1) 
(v) Plant Craftsmen (log) .329 .799 -.010 9808 1.98 
(adjusted hours) (2) Chie) -—(9.7) ‘ : 
(vi) Raw Materials 45.78 -.073 6 65 Fy 
Z 5 , 98 : 
(18.) (33 only WECeeS) A678 aes 
(1) Log of revenue 
(2) time trend rather than Dd. 
Employees: number of full-time employees, thousands 
Other variables: as given in Table IV 
Sources: Number of employees: Bell Canada Data 


other variables: as given in Table IV 
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Cost curves of the kind derived above take output to be the 

sete! 
apie? al sashapeee of input requirements, omitting mention of factor 
costs. In theory such requirements functions describe the results obtained 
by comparing the costs associated with various hypothetical levels of 
output under Pretecrumecion that input prices are unchanged and independent 
of output levels. In fact, however, substitution of capital for labour 
is evidently undertaken in periods when wage rates rise rapidly relative 
to the costs of owning capital goods. Nevertheless, our investigation of 
productivity or factor intansity functions along the lines suggested in 
the first section of this chapter failed to reveal any consistent and 
sensible relationship between factor intensity and relative factor prices. 


We therefore omit discussion of these relationships, and move on to inves- 


tigate production conditions in the telephone sector as a whole. 


Before doing so, however, we may summarize our results from the 

analysis of production data for Bell Canada by observing that: 

(i) An index of technological change based upon the percentage of station to 
station toll calls dialed by the customer plays a crucial role in explaining 
apparently disparate movements in inputs and outputs over the period 1952-1968; 

(ii) Use of this index together with data on deflated values of revenue and 
plant, and wage-weighted labour input measures, enables estimation of a 


Statistically satisfactory aggregate production function of Cobb-Douglas form; 


Chia) 


(iv) 
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This production function suggests the presence of increasing returns to 
scale over Bell's operations as a whole, although these cannot be isolated 
within any specific sub-activity; 

Estimation of more detailed input requirements functions suggests that these 
economies of scale are not to be found in the total wage bill, even though 
average hours of labour input (except plant craftsmen) fall with increasing 
output, but are accounted for in part by falling raw materials requirements 


per unit of output. 


= Lh 


II. Trans-Canada Telephone System 


a) Production function 
Sufficient data were available for ten companies, either members 
or affiliates of the TCTS, to estimate cross-section/time series production 
: 16 
functions for the years 1952-67. 


The estimated eguation was of the form: 


i 1 2 i 
= + + Yj rae 
log Re alog Ly Blog FRU Gia [T,, ; Ti 6! (7) 


where the meaning of these variables is as follows: 
¥ d . AB 
Ry : Yevenue in constant 1967 dollars for firm i in year t 


(Bell Canada price deflator used for all companies) ; 


if number of employees (full time); 

re capital stock (For each company the gross value of capital 
stock was deflated by a capital stock price index for 
Bell Canada) ; 

DY : the percentage of station-to-station toll calls dialed by 


the subscriber; 
T, : dummy variables which take the value of unity for time i 
and zero elsewhere. 
The results for this equation when all ten firms are included 
(7a) and when all but Bell Canada are included (7b) are given in Table VI. 
The results for these two equations (7a) and (7b) are similar 
to each other,but different from the results obtained in equation (6) for 
Bell Canada alone. For comparison we tabulate the main features of the 


three equations. 


16 : 
The companies are: Bell Canada, Northern Telephone System, Quebec 


Telephone, Maritime Telephone and Telegraph, New: Brunswick Telephone, 
Manitoba Telephone, Saskatchewan Telephone, Alberta Telephone, British 
Columbia Telephone and Okanagan Telephone. 
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(6) Bell Canada 


(Ja) TCTS with Bell 


(7b) CTS exc. Bell 


In particular, where the Bell Canada equation (6) shows increasing 
returns to scale, both equations (7a) and (7b) exhibit constant returns 
to scale. Moreover, the coefficient on labour (a) is significantly 
different as between equation (6) on one hand and equations (7a) and (7b) 
on the other hand. 

This marked -- and somewhat implausible -- difference in the results 
obtained from estimating production functions for Bell Canada and for member 
firms of the Trans-Canada Telephone System can perhaps be explained solely 
by the significant differences in the reliability of the data as between 


: cy ‘ 
the TCTS regressions and the Bell Canada equation. First, the latter used 


Uae ee ; ; , ‘ ; 
The possibility that these differences in results might.be explained in 


part by the statistical problem of heteroscedasticity has been checked. 
The residuals of equations (7a) and (7b) do not suggest evidence of 

this statistical difficulty. A regression was run on data normalized 

by the number of residential main subscribers in the company's area. Its 
results are as follows: 


ae i Le a 5 eas ee 
= ~ + + 
log (RL /M, ) A log (M,) alog (L,/M, Blog (K,/M,) yD, /M + oT 


-.039 -440 -553 - OOO0O0006 .029 
(-2.4) (9.2) (350) (1 .6) S25) 
where Ree Le Kr Dy are as above and My is the number of residential main 


subscribers for firm i at time t, and T denotes a time trend. 


These results are for eight firms rather than the ten firms in the above 
equations since Okanagan Telephone and Alberta. Telephone could not provide 

data on the number of residential main subscribers. Given the difference 

in sample, these results are therefore not fully comparable to those in equations 
(Ja) and (7b), 
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as its estimate for labour services a measured total manhours index adjusted 
for the changing skill mix of the labour inputs. The former use the unad- 
justed number of full time workers. Because of variations in the work 

week over this period and the changing mix of skill present in the labour 
force, the raw employee data is inferior to the adjusted manhours series 
as a measure of labour services. Secondly, in estimating the production 
function for Bell Canada alone, a better measure of net eatin in constant 
dollar value was used than in the equations of Table VI, where the gross 
book value of capital, adjusted by a price series for fixed plant obtained 
from Bell, was employed. Production functions estimated for Bell Canada 
using number of employees as the measure of labour services and deflated 
book value of capital as the measure of capital services in fact showed 
constant returns to scale (see Appendix I). 

Thus, while the sum of a + 8 in the estimation of a production 
function for the ten companies is not greater than one, it is possible that 
this sum is a lower bound on the true economies-of-scale measure. Evidence 
to this effect is found in the fact that the economies to scale estimate 
for Bell Canada alone is lowered below eke earlier estimate by substitution 
of the less adequate choice of independent variables to which we were 
restricted by TCTS data. It is therefore possible that slight increasing 
returns to scale typifies the growth of the large telephone companies -- 
as appears to be the case for Bell Canada -- in the period 1952-67. For 
further evidence we again attempt the estimation of input requirements 


functions. 
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b) Input requirements functions 


The DBS publication Telephone Statistics divides expenses by 
province into six categories: depreciation, commercial indirect taxes, traffic, 
repairs, and other expenses. Each of these six categories can be considered 
a form of input requirement, and requirements functions can be estimated along 
the lines of the previous section. The simplest explanation for each of these 
categories was attempted by considering the input involved to be a function of 
either revenue or the capital stock (or both). The results are set out in Table VII. 

All categories, with the exception of depreciation, are highly 
correlated with revenue. Associated with an additional dollar of revenue are 
=.081 of commercial cost, 5.046 of traffic: costs, $.080 of indirect taxes’, 
$.162 of repairs and $.106 of other expenses. Commercial expense is negatively 
related to the capital stock, and indirect taxes is the only category with a 
negative trend. From the fact that, of the intercept terms, only that for 
depreciation is significant, one would conclude that these expense items are 
simply proportional to output, with no spreading of any overhead component 
except that on the plant itself. 

Thus, in summary, our analysis of the data for the Trans-Canada 
Telephone System as a whole, while not inconsistent with the earlier analysis 
for Bell Canada alone (because of differences in the data series available for 
repression analysis) suggests no direct evidence for the presence of economies of 
scale, either in the production function or in the more detailed input require- 
ments functions. Nevertheless, with the introduction of regular shifts over 
time, (which displace our earlier index of technological change) it was possible 
to estimate a cross-section function explaining differences in company revenues 
on the basis of capital and labour inputs alone. Substantial regularities in 


production relationships across the different companies are thus suggested. 
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Telegraph Companies 
Data for this section are aggregate data for the telegraph and 
cable industry as published by DBS in Telegraph and Cable Statistics. This 


publication lists nine companies as belonging to the telegraph industry. 


Of the nine, two -- Canadian National Telecommunications and Canadian Pacific 
Telecommunications -- earned 71% of the total revenue for the industry in 
1968. In the same year, Canadian Overseas Telecommunications Corporation, 


the Crown corporation which holds the overseas plant required by the domestic 
telegraph industry, earned 25.6% of total industry revenue, so that together 
CNT, CPT end seal C account for 95.8% of industry revenue. The 
fourth largest company, Eastern Telephone and Telegraph, earned 1.7% of 
industry revenue in 1968. 

CNT and CPT have entered into several joint ventures and 
reciprocal contracts. For example, they have reciprocally closed manv 
offices in small towns, so that now one firm represents both companies 
in these towns. (This arrangement explains the sudden large fall between 1960 and 
1961 in the number of offices as shown in Table IX. ) They have jointly 
invested in a transcontinental microwave svstem, and they have jointly 
purchased 51% of the shares of a computer software company, Computer Sciences 
Corporation. The statistics available for each company therefore do not 
represent independent observations on that company's decisions regarding 
input and output choices.Consequently, industry aggregate data have been 
used in the calculations which follow. 

In the 20 years since 1949, the telegraph industry has undergone 
a rapid and significant change in its productive activities. In 1949, the 


industry employed 9,555 persons (of whom 2,731 were telegraph operators), 
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earned $22,256,000 in revenue, maintained 5,275 offices across Canada 

and handled 18,099,000 domestically originating telegrams. The number of 
telegrams sent peaked in 1951 at 19,693,000, and in that year transmission 
verses accounted for 54% of the earned perente oa The number of 

employees reached its maximum in 1952 at 11,618, and the number of telegraph 
offices a maximum of 5,610 in 1960. 

In 1968, this segment of the telecommunications industry handled 
8,830,000 telegrams through 1,608 offices employing 1,483 operators, out of a 
total employment of 8,007. Transmission revenue accounts for 37% of total 
revenue in 1968 while public and government message service (teleqram revenue) 
falls from 17% of total revenue in 1949 to less than 10% in 1968. 

The bulk of 1968 revenue came from non-transmission services. These 
services include the broad areas of private wire service and switched message 
subscriber services. Private wire service (dedicated lines) is a "trans- 
mission pipe" service for voice, data,and program (radio-TV). Under this 
service, the customer attaches his own terminal equipment (or equipment 
rented from CNT/CPT) to a direct line provided by CNT/CPT from point to 


point. 


18 , 

Public and government message, press message, money order, news,telephone 
service, cable message, scheduled transmission service, broadcast program 
service, facsimile service, other transmission. 


ARS) 
This is an understatement of the true percentage. Before 1961 (CNR) or 


1967 (CPR), the rail companies paid a share of the cost of doing business 
of their telecommunications subsidiary rather than paying revenue for the 
transmission services which the telegraph companies undertook on behalf of 
their parent companies. 
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TABLE Ix 


Telegraph and Cable Industry, Aggregate Data, 1949-61 


Revenue Rev, from Non-Trans. Employees Operators Offices Telegrams sent 
($000) Sources ($000) (000) 
BP poh 6691 9555 2731 5288 18,100 
23,922 1i22 9757 2850 5277 TIF le iS: 
29,420 9748 10,611 3056 5233 197,693 
33,094 11,462 Brae be 3224 5256 a 53 
36,920 PS 720 Lh oLe 3253 5307 19,041 
38,204 16,452 107,629 2785 5015 a7, Oa 
ache Tone Wal | 16,626 10,852 2872 5026 17,886 
40,720 14,067 10,833 2881 4926 18,150 
44,797 Ligogs 11,154 2829 5070 ti ,0S7 
47,634 19,474 10,586 2531. 5296 15,245 
52,963 24,036 10,586 2265 5427 14,437 
58,546 25,520 10,279 2122 5610 13,120 
64,054 Ssposd 9997 2091 3/32 13,441 
Teese Wee) 41,280 10,069 2054 3676 12,834 
TI yOLL 45,320 9826 1860 3599 11,930 
78,743 47,805 9431 1697 3241 11,717 
86,087 Ske, 9270 1665 2998 i335 
95,478 60,444 Sici 1607 2552 10, 324 
104,505 65,978 8961 1546 2059 9383 
116,667 70,403 8687 1483 1608 8830 


*change in format of reporting 


Source: DBS "Telegraph and Cable Statistics" 


(1949-68) 
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a) Production function 

Given the wide variety of services offered, the great change in 
these services over the period, and the data problems arising from the 
fact that neither of the major carriers is a separate corporate entity, 
but rather a division of a much larger enterprise, the obstacles to statis- 
tical estimation of the production characteristics of the telegraph and 
cable industry are rather formidable. In Chapter III it was argued that 
the completion of the CN-CP transcontinental microwave system in the 
early sixties was tantamount to the introduction of a set of new services. 
The revenues generated by these new services were of sufficient magnitude 
relative to the total of revenues that the implicit assumption, which 
underlies all regression analysis, of a single structure describing 
demand throughout the entire sample period was called into serious question. 
There is a similar problem on the production side. Given the magnitude 
of the investment involved, it is difficult to argue that completion of 
the microwave system represented merely a movement on the existing 
production function. On the contrary, a much more reasonable view is that 
completion represented the movement to a new production function altogether. 
If this is the case, then a model which postulates a single production 
function over the entire period, even with a generous allowance for tech- 
nological change, will involve a serious misspecification, and the empirical 
results will probably make little sense. 

This has indeed been the case. A conventional Cobb-Douglas 
production function of the type estimated for telephone, with non-trans- 
mission revenues as a percentage of total revenue used as a proxy for 
technological change, yields results which are weird at best -- among 


other things, the coefficient for labour is negative -—-sand resert to ad 
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hoc, frankly empirical, specifications does not improve matters. As one 
can see from Table IX, the empirical phenomena that must be reconciled 
are a total employment which at the end of the period: was lower than at the 
beginning, and an output that over the same period increased more than 1 1/2 times 
in real terms. This a conventional Cobb-Douglas production function 
cannot do. Either a more flexible functional form is needed, or, and 
this the more sensible prescription, the period of observation should be 
broken up into two subperiods. However. as was noted in Chapter III, 
there are too few observations for this to be done. 

For these reasons, we only present here a function relating 
total employment in the industry to (deflated) revenues, a quadratic 
time trend, and the percentage that non-transmission revenues is of total 
revenue. As noted above, the last variable is taken as a proxy for techno- 
logical change. The quadratic trend is introduced in order to capture 
the flow and ebb in employment over the sample period. The primary 


purpose of this equation, which is given below, is for projection. 


EMP re LO127.. "+ 305 Re +63 ,.59 aero os nm - 2254.1 RA, (19) 
(6.8) (Ps1) (367) Gira )) ee Py, 
R? = .943 S. mr 22 3 DW = 2.44 
EMP - total employment (1952-67) 
R = total revenue (in thousands; transmission revenues deflated; 


non-transmission revenues undeflated) 


time trend. 


= 
II 


RA = non-transmission revenue as percentage of total revenue. 
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n) Input requirements functions 


The DBS publication Telegraph and Cable Statistics differentiates 


between two types of expenses -- maintenance and overhead. Attempts were 
made to explain each of these two items by either revenue or the capital 
stock. Revenue gave the better results for maintenance, while the capital 


stock did better for overhead costs. 


z 2 
= + “ +10 W 
us a bR ey, Hite R D 
Maintenance= -13658.6 + .064 alt at) 5 Oda. 159s ge620) 
(-7.6) C550) Cosa) 
Overhead = -360.2 + .030 -297.7 .941 14> ee 
(-.94) (S55) 0 Giz. O) 
where 
Maintenance = maintenance expenditures 1952-67 in thousands 
Overhead = overhead expenditures 1952-67 in thousands 
R = revenue in year t (non-transmission undeflated, 
te ; : 
transmission revenue deflated) 
7 = time trend. 


The maintenance equation indicates that an increase in 
maintenance costs of .064 is associated with a $1.00 increase in revenue. 
While the time trend in the maintenance equation is insignificant, the 
negative and significant constant term indicates that average maintenance 
cost increases over time. The overhead equation exhibits an insignificant 
constant term, but there is a significant negative time trend. Thus, 
while there appear to be neither economies nor diseconomies of scale for 
overhead expenditures, unit overhead costs nevertheless decrease over time, 


due (presumably) to increased technological efficiency. 
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4. Discussion of Results 

What does the foregoing tell us about the characteristics of 
production in the telecommunications sector? A few strong features are 
evident. 

First, the sector produces services which cannot be stockpiled 
or held in inventory, so that peak load problems are severe, and lack of 
adequate capacity means unserviced demand and foregone revenue. None 
of our analyses -- and no available data -- enables us to assess the costs 
associated with the distribution of transmitted messages over the day or 
over the year, although it is obvious that price structures or the 
introduction of services bringing about a smoother distribution of messages 
must lower unit costs by spreading overhead plant and labour costs. 

Second, as a service industry, production costs,are dominated 
by payments for labour and capital services. Of end raw materials and 
intermediate goods which are used, few enter the production process directly. 
Most are related to maintenance. 

Third, since the network by which the sector has served its 
customers involves connections to each household or firm, the sector 
operates at least in part under conditions of "natural monopoly", meaning 
that a single firm can offer service at a lower cost at any relevant 
level of output than any combination of separate firms. Such a feature 
certainly seems to hold at the local-service level. With regard to 
long-distance transmission, on the other hand, since this is based upon 
microwave eee pemann rather than wirelines, the assertion of "natural 


oe this case there is of course the problem of allocating a scarce 


public resource -- the frequency spectrum -- but that is a separate 
issue. 
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monopoly" is not one which is self-evident. Certainly, there are some 
markets for which conditions dictate the presence of only a single firm, 
but there are other markets where "natural oligopoly" might be at least 
as efficient as "natural monopoly". 

This question raises another -- whether, if conditions of 
natural monopoly (or oligopoly) do in fact prevail in the trunking 
activity, it is feasible to separate this activity into a service 
administered by a crown corporation or a "carrier's carrier", such that 
messages from either a switched local network or a private direct 
interconnection can be accepted and transmitted. Separation of local 
collection from trunking would thus be effected in such a way that local 
calls could be switched to individual processing services, entered to 
trunking activities if necessary, or switched again to other local 
destinations. Whether such a separation is feasible rests on technical 
issues into which we are not competent to delve; whether it would be 
rational rests in part on the properties of the trunking activity as 
compared to a local collection activity. Unfortunately, as indicated 
above, our results provide little Mitathos on this issue. 

It must be emphasized that the question of "natural monopoly” 
is not identical to the question of returns to scale. With a high fixed 
charge, one may encounter increasing unit costs (that is, decreasing 
returns to scale) as output increases, but still have average costs below 
those attainable by any competition dividing the market. However, our 
results, as will be noted below, do suggest some conclusions with respect 


to the issue of returns to scale in utilization’or £actor inputs: 


od. 


The trend in the use of factor inputs has been to rising capital 
intensity, with both capital-labour and capital-output ratios rising 
over the period. This trend is of course consistent with rising labour 
productivity and rising wage payments even when numbers of employees 
are not increasing rapidly. We can note three reasons which could account 
for this increase in capital intensity: 

1. Capital services are becoming cheaper relative to labour; 

2. Demand is shifting toward services which can only be provided 

by more capital-intensive facilities; 
3. The lowest cost production techniques are more capital- 


intensive at higher output levels. 


All these reasons are really only one, of course: at the required scale 
of production, the most efficient way to meet the imposed demands involves 
introduction of increased amounts of equipment per employee. 

Our input reguirements functions attempt to capture the impact 
of changing output levels on factor inputs in various categories. These, 
and the more elaborate production functions, suggest the presence of 
increasing returns to scale. In particular, the statistical relations 
which were estimated for Bell Canada for the period 1952-66 suggest that 
the firm as a whole was operating under conditions of increasing returns 
to scale. The analyses of data for eight of the members of the Trans- 
Canada Telephone Association did not show increasing returns to be present. 
However, the data used in the latter analyses were not those appropriate 


to estimation of production or cost functions. In fact when the functions 
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for Bell Canada were rerun using variables to which we were limited in 
studying the other members of the Telephone Association, the evidence of 
increasing returns to scale disappeared. For the telegraph subsector 

data problems and statistical difficulties connected with the completion 

of the CN-CP trans-continental microwave network in the early sixties 
precluded the estimation of production functions at all. Thus, for telegraph 
and cable, we cannot adduce any statistical evidence with regard to 


economies of scale at all. 
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APPENDIX I 


This Appendix presents production functions estimated for 
Bell Canada, but employing alternative data or alternative treatments of 
the raw materials input. The equation estimated in the text took value- 
added as the dependent variable, with deflated value of plant and 
weighted hours of labour input as independent variables. Equally good 
data are unavailable for other companies, so it is informative to see 
what difference the various substitutions and modifications might make. 

Ideally, a production function should relate value added to 
primary inputs, and this is the approach we have taken in the text of this 
chapter. Alternatively, if one believed that inputs of raw material 
might offer a substitute to primary inputs in production, it might be 
appropriate to include intermediate goods as a third input, along with 
the services of labour and capital. The following equation represents an 
attempt to include raw materials (excluding indirect taxes) in a Cobb- 
Douglas format, where the variables L, K, D are as in equation (6) of the 
text, M is constant dollar revenue less constant dollar indirect taxes. 
log R, = A fn Olio, Ly + Blog Ky fb eViLOG M, te 6D, R? DW 


6 .685 .488 .048 .908 .9984 1.48 
(-.50 (4.5) C2775 (-. 25) (7,9) 


As can be seen from this equation, the coefficient y, the 
raw materials coefficient, is insignificant, while the coefficients for labour 
and capital, oa and 8 respectively, are little changed from their values in 


equation (6). Thus we conclude that the use of value added as a dependent 
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variable is more appropriate than the inclusion of raw materials as a 
third input factor, substitutable for the others. 
In some cases we lack data on raw materials in any case. It 
is therefore of interest to see the effect of taking gross sales, including 
the value of intermediate inputs, and indirect taxes, as the dependent 


variable. The following estimated equation does so. 


2 
os rok 
log Ry A +> glog L. + Blog Ky + yD, DW 
ge -662 ea5y -008 .9984 L350 
- (.58) (5.9) (9.5) (9. 0) 


All coefficients are significant at the 97.5% level of significance, 
the coefficients of K, L, D being significant at the 99.95% level. The 
adjusted R? is high. The Durbin-Watson statistic (1.50) indicates that 
there is some positive serial correlation of the residuals. Again one sses 
that the coefficients change little from those given in the text, so that 
one's estimate of the degree of increasing returns to scale remains unaltered. The 
autocorrelation problem becomes more severe; and the estimated rate of 
technological progress declines somewhat, as is to be expected when raw 
materials inputs are a declining Gunetiene £ output. 

These two equations above, in conjunction with equation (6) 
of the text, suggest that raw materials cannot be systematically related to 
output in a production function for Bell Canada. We interpret this result 
to be largely a consequence of the rather heterogeneous selection of materials 
inputs, many only distantly related to any actual production function concept, 
purchased by the company. (From input-output tables, these would appear to 
include substantial amounts of gas and oil for fleet operations, business 
services, and other items not closely linked to operations directly producing 


revenue. ) 
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While the value-added form is theoretically the one which should 
be used, we are forced to employ the value of sales form in several 
equations in the text, simply because of the inability to generate value- 
added data for companies other than Bell Canada. It is possible that 
using value of sales as a dependent variable will lead us to detect increas- 
ing returns to scale where none actually exist simply because an increasing 
amount of raw materials input is not taken into account. However, since 
this bias did not appear in analyzing the different forms for Bell Canada, 
we feel it unlikely that the use of value of sales rather than value-added 
data for other companies will lead to a significant bias of this sort. 

A further difficulty along the same lines arises because we 
are forced frequently to use book value as a capital series (whereas for 
Bell Canada we could draw onconstructed measures of deflated value of 
plant) and number of employees as a labour series (while for Bell Canada 
we had wage-weighted hours data available). 

To test the importance of these differences, the following 
equation gives the production function coefficients estimated for Bell 
Canada using the number of employees and the gross book value of capital 
(adjusted by a fixed plant price index) as the measure of labour and 
capital services, rather than the data used in the original Bell Canada 
equation. The result is: 
log R, = R + alog L + Blog K + YD R DW 


nae2 -448 co20 .008 .9980 Lie (16) 
(1. 4) (14.0) (S500) (10. 0) 
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The labour elasticity (a = .448) is significantly lower than 
estimated for Bell in equation (6) (a = .705), while the elasticity of 
output with respect to capitalis also significantly different in these 
two equations. The sum of a + B (the measure of economies of scale in this 
equation (16)) is .968, which is not significantly different from unity. 
Thus, using the number of employees and gross book value of capital data 
for Bell leads to an estimated production function ea constant 
returns to scale. For the reasons outlined above, however, the data 
which generate this result are inferior to the data which lead to an 
estimate of increasing returns to scale. We might therefore suspect that 
measures of the degree of returns to scale from the later equations of 
this chapter may be biased downwards also. 

Finally, one further alternative form for the estimating 
equation may be useful for forecasting purposes. We have argued that one 
may think of the sector as responding to anticipated demand in establishing 
capital stocks, and then having available only some flexibility in labour 
inputs. If this is a correct model, it then makes sense to interpret 
the production function as signalling the labour input required to man a 
given capital stock so as to meet a specified demand imposed from outside 
the sector. With this view, and particularly to forecast anticipated 
jabour input requirements, one should run the production function with labour 
(total adjusted hours) as the dependent variable. In this case we obtain the equa 
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Relating this form to the original set out in equation (6), 
we see that the implied coefficients deduced from the present equation 
deviate substantially from those of equation (6). For projections purposes 


we shall employ both equations, comparing the results. 
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V. INVESTMENT 


de Introduction 

The physical plant of the telecommunications ees! has 
expanded significantly over the period from 1950 to the present. From outlays 
of 171.7 million 1967 dollars per annum in 1950, total capital expenditures by 
telephone, telegraph and cable companies on plant and equipment rose to 654 
million dollars (1967 base) per year in 1968. Over this period, the average 
annual rate of growth in investment outlays (measured in constant dollars) 
has been about 7% for the telephone industry and 9.2% for the telegraph and 
cable industry, compared to an average annual growth rate of 5.8% for private 
gross fixed capital formation in the economy as a whole. At this rate of 
growth in gross fixed capital formation, the industry would double the level 
of its investment outlays in about 10 years. That is, if the historical 
rate of growth persisted, in 1980 the demand for investment goods generated 
by this industry alone would amount to 1.3 billion 1967 dollars. Out of this 
total investment demand, approximately two-thirds would be for new machinery 
and equipment such as transmission repeaters, switching equipment, local 
terminal equipment, or cables. The other third would go toward new construct- 
ion of buildings and other fixed structures such as antennae, poles, or wave 
guide towers. 

By comparison with national business fixed capital formation 
(net of residential construction and inventory change), therefore, investment 
in the telecommunications sector is gaining importance. In 1950 the sector 
accounted for only 3.2% of total Canadian business investment in non-residential 
construction, equipment and machinery. This share rose to 6.6% in 1960 


In this, as in the preceding chapter, the "telecommunication industry" is 
taken to include the telephone and the telegraph and cable industries only. 
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and to 7.1% in 1968. While there seems little reason to believe that such 
a rate of growth of capital investment in this industry could continue 
indefinitely in the future, capital expenditures on fixed capital stock by 
the sector may well outpace the rest of the Canadian economy for some time 
to come. Just how will these outlays grow? What are the factors which 
determine their movements? What may be the policy implications of the time 
pattern of investment response to certain key determinants? 

In this chapter we attempt to answer these and related 
questions. First, a brief sketch of the framework within which empirical 
studies on investment behaviour are commonly conducted is given .- 
Explanations of data available and employed, and discussion of empirical 
results arising from various model specifications will be presented 
subsequently in the third and fourth sections. A brief summary completes 


the chapter. 


De Empirical studies of investment behaviour: a brief sketch 


Investment in fixed capital stock is normally undertaken 


either to increase the capacity of the existing stock or to replace all or 


part of the stock in order to maintain -the efficiency of capital facilities. 


convenience, investment undertaken to increase capital stock is frequently 
referred to as net investment, while that investment undertaken simply 
to maintain existing capacity is labelled replacement investment. Although 


empirically it is difficult and often impossible to distinguish these two 


categories, for analytical purposes it is desirable to make such a distinction 


since decisions on these two types of investment may involve quite different 


considerations. In recognition of this, current theories of investment 


Ison 
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determination divide into two parts: the treatment of net investment 
behaviour and the explanation of replacement investment. 

The demand for services of capital goods is a derived 
demand depending on a number of considerations such as current and anticipated 
output, prices and cost structures, and technological conditions. To meet 
the demand for any given flow of capital services, firms might rent the use 
of capital goods from other businesses or, more usually, will maintain their 
own stock of capital, thus in effect purchasing in a lump the whole stream of 
future services thrown off by the capital goods. Normally a firm may attempt 
to maintain a desired (or "equilibrium") level of capital stock in relation 
to its demand for capital service, or, in other words, to its anticipated 
output level. (Such behaviour may be particularly characteristic of the 
highly capital-intensive firms in the telecommunications sector.) Net 
investment thus takes place as an attempt to adjust the level of stock 
existing at the beginning of the period to the desired level, and by this 
reasoning the rate of net investment depends both on the existing and the 
desired levels of capital stock. The desired level of capital stock itself 
depends directly on the required flow of capital services and thus indirectly 
upon technological conditions, relative prices and anticipated levels of 
output. | 

In making their investment decisions, all the large telephone 
and telegraph systems such as Bell Canada, B.C. Telephone, and CN/CP 
Telecommunications apparently do follow something like this process. 
Periodically, their commercial departments will estimate, on the basis 


of field surveys of local exchanges and anticipated business 
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conditions, future demand for their communications services. From these 
estimates, the facilities required to handle the estimated demand without 
deterioration in the quality of service will then be calculated by the 
engineering departments of the companies. The capital budgeting decisions 
of the firm will place emphasis on these calculations. The final decision 
on the additional amount of capital equipment to be acquired will thus be 
determined largely by an estimate of the increment required to achieve the 
desired future capacity from the existing level. 

If there were no time lag in the completion of investment 
projects, (and if the year were a sacred unit of time), the annual invest- 
ment rate would be just equal to the difference between the desired and 
actual levels of capital stock. However, either as a result of technological 
and institutional restraints or from economic considerations [11], invest- 
ment does take time to complete. As mentioned above, anticipating an increase 
in his demand for capital service, the manager of a company offering 
telecommunication service must draw up investment plans, estimate possible 
costs, prepare mecessary funds ,vorder equipment,,.and initiate construction. 
Even if there is no uncertainty, these activities all take time to complete. 
For example, the construction period for new equipment varies according to 
the size of the job, but people in this field suggest that 
for automatic switchboards, six months for manual switchboards, nine months 
for repeaters, three months for new cable on existing pole lines, and two years 
for a major new pole line. As a result, decisions concerning installation of 
new capital equipment must normally be made well before the equipment is needed 


in service. Moreover, uncertainty and considerations of cost relative to 
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the speed of stock adjustment may in any case lead a firm to 
investment outlays over more than one period. 

In order to allow for the time lags in the investment 
process, it may be assumed that a current change in the desired level of the 
capital stock sets in motion a wave of investment outlays stretching into 
the future. A further change tomorrow would set in motion another such 
wave partially overlapping the first, and so the process might continue. The 
investment outlays of a given period, therefore, may he considered a cumulation 
of acquisitions arising from a whole series of separate decisions taken 
at different times in the past. Thus, altering our point of view to 
look back to the determinants of present outlavs, rather than forward to 
the future outlays arising from present decisions, we could postulate a 
relationship which determined present net investment as a weighted average 
of past changes in the desired capital stock, the weights representing 
the fraction of investment allocations actually disbursed over various periods 
in the future. There are various hypotheses by which one might describe these 
profiles of actual outlays following a particular investment commitment; 
we have simply chosen a very flexible form specifying the response 
coefficients, and will let the data indicate the appropriate coefficient 
values. Theoretical details of our procedure are set out in Appendix A. 

Replacement investment refers to that part of total invest- 
ment required to maintain the capacity of previously acquired capital 
stock to produce a flow of capital services in a given period. The need 
for replacement arises from the fact that capital equipment does not have 


an unlimited service life; each piece of equipment will have to be replaced 
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some day by a new one. The amount of replacement required for a particular 
type of capital equipment is determined by its service life, the rate of 
utilization, and by the age distribution of the capital equipment, as well 

as by the total current stock. Replacement may also be due to obsolescence. 

To a great extent the importance of this factor depends upon the individual 
company's policies regarding the rate of introduction of technological changes. 
Thus even if the service life of a capital good is well defined, any satis- 


factory explanation of replacement will require a complete model. Never- 


‘theless on theoretical grounds, one would expect replacement investment 
outlays to fluctuate less widely than net investment. Experience suggests 
that for long-run projections, replacement in any given period can be well 
approximated by a constant fraction of the capital stock accumulated prior 

to that period. With a few AJecisi eye therefore, in most empirical studies 
on investment behaviour it is assumed that replacement investment is propor- 


tional to capital stock. Aside from its simplicity in form and its practicality 


in empirical research, support for this assumption has been sought on both 


; 2 eee 3 . 
theoretical and empirical grounds. In view of the above arguments, we 


See [12] for example. 
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This hypothesis implies that the time pattern of a new set of replacements 
generated by an expansion in capacity shows a geometric distribution. 
Sees), -[22]" , anad®Griiaches’ [13]. 


he their cross-section survey, Meyer and Kuh [27] could not find any 
evidence for the so-called "echo-effect" which, if it exists, implies 

an alternative hypothesis that replacement investment depends on the age 
distribution of capital stock. Using time series data, Jorgenson and 
Stephenson [22] claimed to demonstrate the statistical Validity OL 

the hypothesis that replacement investment is proportional to the existing 
Capital stock: 
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shall adopt as our working hypothesis the assumption that replacement 
is a constant proportion of the existing capital stock. 

Combining net investment with replacement, and adopting a 
flexible distributed lag function as described above, we can thus express 
gross investment as a function of current as well as lagged changes in 
desired capital, lagged net investment, and the capital stock at the 
beginning of the period. 

To estimate such an investment function empirically, we 
must therefore specify the desired capital stock in terms of observed 
variables. For purposes of discussion, empirical specifications of desired 
levels of capital stock can be conveniently grouped into three categories; 
the technological approach, the financial approach, and the neo-classical 
approach. These may be summarized briefly as follows: 

The technological approach maintains that demand for capital 
assets is determined by the level of production. At every moment there is 
an optimum production method, regardless of the interest rate or other 
input prices. For a given level of output, this optimum production process 
required a certain amount of capital. Therefore, broadly speaking, the 
level of desired capital must be in proportion to the scale of production. 
This approach is usually called the accelerator approach [4, 7, and 8]. 

In its simplest versions, the accelerator model has been criticized on 
many counts. It is, however, still one of the most popular models used in 
investment studies [1, 5], and some have argued that it is particularly 


appropriate in an explanation of the long-term behaviour of investment, when 


i . ’ ; : 
See equation (5) in Appendix A to this chapter. 
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short-run variations in cash flows and real costs have less importance. 

For our primary purpose -- obtaining long term projections -- this may well 
be the relevant model. Moreover, for several practical reasons, it is 
likely to perform w 11 in describing the telecommunications industry in 
particular. Possible reasons for this particular validity of accelerator- 
type models in describing investment in telecommunications facilities flow 
from the technical sophistication of the equipment and the fact of the 
regulatory process governing much of the industry's activities. 

As a result of the technical complexity of communications 
equipment, substantial weight is placed upon the highly developed arts of the 
communications engineer. Given projected levels and mixes of demands for 
services, he must determine the desired additional capacity for each category 
of capital, on the basis of calculations taking into account the distribution 
of calls and of their durations, tolerable "lost-call rates", peak load 
distributions, and the like. The computations appear to be oriented toward 
engineering efficiency, with concern for reliability, accuracy, and availab- 
ility of service. Considerations of projected or actual input and capital 
costs may well be subordinated in this analysis. 

The fact of regulation leads naturally to an emphasis on high 
standards of quality -- quite possibly standards of quality which are too 
high in light of relevant costs -- for two reasons. In part this feature 
may reflect simply the extremely high standards demanded of the system by 
some users -- the defense department for example -- but also it probably 
reflects the natural tendency of a regulated firm to overemphasize the 
importance of quality while underestimating the costs of maintaining that 


quality. Such a policy obviously leaves the company less vulnerable to 
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criticism by users and as an added bonus the extra costs may also lead the 
regulatory authority to permit higher rates. 

In the second place, regulation which assures a "fair rate of 
return" adequate to attract financial capital evidently reduces the importance 
of costs of financing or considerations of availability of funds. In the 
past, regulated companies apparently have not had serious difficulty raising 
the funds necessary to finance capital expansion. Under these circumstances, 
cost-of-capital considerations might be expected to be ee important as 
determinants of investment outlays. 

Thus one expects the accelerator model to perform well in 
analysis of investment decisions in the telecommunications sector, and it 
will be seen in the following sections that it does so. Nevertheless, one 
should not reject the obvious alternative theories out of hand. Whereas the 
technological approach largely ignores the cost of capital or supply-of-funds 
aspect of investment, the financial approach tries to establish that demand 
for new capital goods is in fact primarily determined by the availability of 
capital funds. Although investment may be financed by both internal and 
external sources, some enquiries suggest that there is a strong preference 
among businessmen for internal Finkadinge Primarily, this preference is due 
to the fact that businessmen consider outside funds as substantially more 
expensive and more difficult to obtain than those from internal sources. 

As a result, internal liquidity considerations may be prime factors in 
determining the level of desired capital. The major flows of internal funds 
are profits and depreciation expenses. With widely-used declining balance 
methods of depreciation, the latter flow is relatively stable since it is 
essentially a constant fraction of existing capital stock which itself 


is stable. However, profits are quite different, showing distinct fluctuat- 
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ions over time. Thus in some cases expected profits may be taken as the 
major determinant of the level of capital. In this simplified version, 
the desired level of capital is proportional to the level of expected 
profits which, as suggested by Grunfeld [15], might (in principle) be 
represented by the market value of the firm. 

A reconciliation of these technological and financial approaches 
is suggested by Kaldor [25], who postulated that the desired level of capital 
stock depends linearly on both the level of output and the expected rate 
er DLorit. 

Many modern theories of investment are based on the classic 
doctrine that investment decisions, like many other economic decisions, 
are based on a problem of maximization subject to technological constraints. 
By incorporating a Cobb-Douglas production function into the classical 
model of net worth maximization, Jorgenson [17, 18] was able to derive 
explicitly the condition that the desired level of capital is proportional 
to the ratio of the level of output measured in current dollars to the 
Mipizcitc rental or Shadow price -of one unit of capital service. Thus 
he arrived at an estimating form which involved both the product price 
and the imputed cost of holding capital goods. Equations of this type, 
and also of the cost-of-capital type described earlier, are estimated 
below; however, none of these proved as consistently satisfactory as the 
more technically-oriented accelerator approach. This result, as indicated 
earlier, is consistent with the expected behaviour of a regulated firm in 
a sector with a highly sophisticated technological structure, even though 


production conditions might be described by a smooth production function 
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such as we have already derived for the telecommunications sector. Pre- 
cisely in the case of "regulated natural monopolists", the net worth 
maximization model fails to hold in its conventional form. 

Thus, in summary, we view the investment decision as determined 
by the need to adjust actual capital stocks to desired levels, with these 
desired levels in turn being almost completely determined simply by estimates 
of the capacity required to meet demand forecasts, using current equipment, 


and maintaining conventional quality standards. 


By Data 


Three types of data are needed to estimate investment 
functions of the types described above: a series on investment expenditure 
by the industry, in constant dollars; a series On stocks of capital 
measured either in physical units of constant productivity or in constant 
dollars; and a measure of the desired level of the capital stock. The 
data which are most complete are those for the telephone industry. 

Gross investment includes capital expenditures on both 
new construction (Iyc) and on equipment and machinery (IVE). To obtain a 
measure in physical terms, each series should be deflated by the appropriate 
investment goods price index. Capital expenditure series are estimated 
by DBS from its annual survey of private and public capital expenditures 
in Canada. These series show outlays slightly greater than those reported 
directly by the Canadian telephone companies, available since 1963 in 
Telephone Statistics (DBS Cat. No. 56-203). One would prefer the latter 
series to the former since actually recorded figures ought to be more 
accurate than those estimated indirectly. Since this latter series is 
available only from 1963 on, however, we shall in this study use the 


estimated data in order to maintain a consistent series throughout the 
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period under consideration. Since the differences between corresponding 
values are less than 3%, this discrepancy should not have any statistical 
Significance in our analysis of long-term investment behaviour. 

While capital expenditures of the telephone industry are 
clearly part of total investment spending by this industry, the case 


with respect to repair and maintenance expenditure (INVR) is not so clear. 


To the extent that such spending on alterations and modernizations is necessary 
to maintain the services of old switching and transmitting equipment or 
structures, repair expenditure is a special type of replacement investment. To the 
extent that such spending is simply for regular servicing of capital 
equipment, it, like the wage bill, is part of operating expenses and thus 
should not be treated as investment. Lacking readily available information 
on this question, we were unable to disentangle one type from the other. 
Therefore we tried first to include repair expenditures as part of total 
investment and then to exclude it. 

Price indexes of investment goods for the communications 
sector, prepared for their future report on the capital flows and stock 
of this sector, were supplied directly by DBS. In some earlier estimates 
of the total investment function, am investment-goods deflator constructed 
from price indexes of fully-and-chiefly-manufactured goods, non-residential 
construction materials, and wage rates in the construction industry was 
tried. There appear to be no significant differences in the final 
results employing the alternative deflators. 

As in any production and investment study the choice of a 
measure Of capital stock presents special problems. At any moment, the 
capital stock of a firm or an industry is supposed to measure the productive 
Capacity of the firm or industry given the current state of the arts anda 


normal rate of capacity utilization. Ideally, one would wish to measure 
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capital stock by some physical capacity unit, but in empirical studies one 
could only hope to have a reasonable dollar measure. We have at least five 
different measures, none of which is satisfactory. 
One measure of the total capital stock of the telephone industry 

is the book value or cost of telephone plant before depreciation. Consider- 
ing that much old equipment in the telephone industry (such as open wire 

and poles installed 40 years ago) is still in service, the original cost 

of telephone plant may serve as a measure of total capital stock. This 

seems especially to be a sensible measure in conjunction with the measure 

of gross investment including repair expenditures. The second measure 

is the cost of telephone plant net of accumulated depreciation. The 

third measure, supplied directly by DBS, is constructed from an investment 
series (in constant dollars) and a straight-line depreciation method 

under the assumption that the average length of service life is 25 years 

for telephone equipment and machinery, 50 years for building construction, 

and 55 years for engineering construction. The fourth measure was constructed 
by a perpetual inventory method, directly from the 1926-68 investment 

series in constant dollars with a capital survival curve estimated by 

Bell Canada and an assumed rate of depreciation or obsolesence at 5% 

ui : ‘ ‘ : 

per annum. An alternative version was also constructed by substituting for 

1 Sate, ; ; . 
Setting the initial value of the capital stock in 1926 at zero, and employing 
the series from 1950 on, amounts to ignoring the value, relative to current 
technological standards, of all equipment more than 25 years old. The series 
is comparable to a Solow-type "vintage" capital stock measured relative to 
the shifting standard provided by current capacity units. Perhaps a 
preferred interpretation is that as a net ‘capital stock series obtained by 
accounting first for actual mortality through the survival curve, and then 


for depreciation or declining value through the exponential weighting 
factor? 
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the Bell survival curve the simple exponential survival curves for capital 
equipment and construction based on DBS estimated average lengths of 
service life. 

While the last two measures of capital stock are in con- 
stant (1967 base) dollars, the other three are in current dollars. To 
convert the first three measures to 1967 dollars, we have used a telephone 
plant deflator derived by Bell Canada from a 1965 survey of its capital stock. 
Since this is the only aggregate deflator available for both capital equipment 


and for structures, and since information is not available to reconstruct 


separate deflators for the two types of capital stock, we have had to apply 
the same deflator to both series. If in both the manufacturing of telephone 
equipment and the construction sector the same rate of technological progress 
prevails, and if the relative factor prices of both these sectors are 
more or less the same, then to apply the same deflator to different stocks 
will not introduce any bias. However, given the fact that the price indexes 
for the two different categories of investment expenditures do grow at 
different rates, with that for equipment growing at a lower rate than that 
for construction, one expects that the stock of equipment is overestimated, 
relative to structures, in the early part of the period. On these grounds, 
we also tried using price indexes of investment expenditures on equipment 
and construction to deflate the DBS equipment stock and construction stock 
series separately. Although the explanatory power of the resulting equations 
appeared to be slightly greater, this procedure actually over-estimated 
both stocks and hence was dropped. DBS in fact apparently applies the 
same set of price indexes to both components of capital stock. 

Output of the telephone industry is measured by the total 
operating revenue of the industry in constant dollars. There is no 


comprehensive revenue price index for the whole industry; those employed 
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here are from Bell Canada. Details of the telephone revenue and the rele- 
vant price indexes are explained in the chapter on demand analysis. 

Market value of the telephone industry is measured by 
the sum of market value of common shares and the long-term debt deflated 
by the GNP deflator. Market value of the common shares is obtained 2S 
the product of the book value of stock and the price index of common stock 
of the telephone industry. Both the book value of the common stock 
and the long-term debt are reported in Telephone Statistics (DBS 56-203). 
The price index of common stock is available in Prices and Price Indexes 
(DBS 62-001 and 501). 

We assume that the expected rate of profit is approximated 
by historically observed rates of return on Capital. All the necessary 
data are reported in Telephone’ Statistics. 

For the Griliches-Wallace model we require a long-term 
utility bond yield. The series we have used is an average rate based on 
data obtained from McLeod, Young and Weir Investment Inc. A similar 
series is also obtained for a Bell Canada long-term bond yield. 

To obtain a measure of the desired level of capital 
stock suitable for a 'neoclassical model" we must calculate a user~cost of 
capital service from the price of investment goods (q), the tax structure, 
the cost of capital (r), and the rate of replacement (6), as well as the 


rate of capital gain or loss ( Aq/q ), by the following equation [18, 22] 


C= ee { (l-uw) 6 + te 


=o 
where u is the corporation income tax rate, W the proportion of depreciation 
deductible for tax purposes. If capital gains are considered as "transitory" 


then this user cost of capital may be written as 


Se er 


ct = —L [(1-w)6é + 4] 
1 
The corporation tax rate is the ratio between taxes and operating profit before 
taxes; the proportion of depreciation deductible is measured by the ratio of 
capital consumption allowances for the telephone industry reported in Taxation 
Statistics (Department of Revenue, Rv-44) to current depreciation. Current 
depreciation of the telephone industry as a whole is estimated from current 


depreciation of the large telephone systems, reported in Telephone Statistics. 


There are at least six alternative measures of the cost of 
capital which are commonly employed in empirical studies [30]. The most 
appropriate one, according tO Modigliani and Miller [30], is the long- 
term bond ele 

A similar set of data is also available for Bell Canada, mostly 
from its annual reports, and the rest from Olley's study, as mentioned in 
the chapter on demand analysis. However, since in the investment series 
there is no breakdown into new equipment and new construction, it is not 
possible to estimate an equation for each of these components, nor does 
the investment expenditure series go back far enough to allow us to 
construct directly a capital stock as we were able to do for the industry 
as a whole. 

Only very limited data are available for the telegraph and 


cable industry, primarily because these so-called telegraph companies 


tin addition to this one we have also tried the following three measures 

a) current earnings yields as measured by the ratio of profits after taxes 
to the market value of stocks, b) profit rate as measured by the ratio of 
gross profits to the current value of capital, c) the ratio of book value 
of net worth to the market value of the firm,none of which is thoroughly 
satisfactory as a cost-of-capital measure. We report the results only in 
Appendix B. 
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do not file public financial reports separate from the railway operations of 
their parent companies. Until recently their operations were not completely 
independent of the railway companies which own them, and capital is still 
advanced according to internal capital budgeting procedures, rather than 
through any market. The information available in Telegraph and Cable 
Statistics (DBS 56-201) only enables us to estimate an accelerator model 
for this portion of the industry. Both capital expenditures on new 
equipment and construction and repair expenditures in current dollars are 
reported there. Investment series in constant dollars have been 

obtained by using DBS capital formation deflators for the communications 
industry as a whole. The gross cost of fixed plant deflated by the 

Bell telephone plant deflator has been used as a measure of gross capital, 
and the deflated cost of fixed plant net of accumulated depreciation 

as a net stock of capital. Output of the telegraph and cable industry has 
been measured by operating revenue deflated either by the GNP deflator 

or by the index of rates for public messages described in the demand 


analysis of this report. 
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An Results 


Applying the data discussed above for the period from 
1952 to 1966 to the various models summarized in the second section of this 
chapter, we found, not surprisingly, that the best model specification 
for both the telephone industry as a whole and for Bell Canada is the 
accelerator model. For each model we have chosen the distributed lag function 
which yields the minimum standard error around the regression. The 
best equations of the accelerator model for the telephone industry as 


a whole are presented here: 


+ 0.362 DIVTD, , + 0.034KT,_ 


(1) IvTD, = 107, .809 (+ 2.238 DREVD, 4 e241 on 
(3.6) (590) (ont) (2.5) 2/ 
R° = 0.9705 S = 17.1149 DW = 3.0184 
2) IVED, = 48. ee , : 
(2) i‘ 8.839 + 1.809 DREVD, , + 0.355 DIVED, _, + 0.034 KE, | 
R = 0.9749 Saar 250399 DW = 2.4210 


= + 0.030 K 
(3) IVcD, = 61.834 + 0.472 DREVD,_, + 0.355 DIvcD,_, + 0.030 KC, _, 
Cap) a) (1.4) 3) 


Ro = 0.8073 S = 11.3452 DW = 2.1622 


_ Appendix A. A comparison and the display of the results for all the 
models are given in Appendix B of this chapter. 

The presence of negative serial correlation suggeststhe possibility that the 
surprisingly low depreciation coefficient may in fact be biased downward as 

a result of our model specification failing to reflect completely accurately 
the capital stock adjustment process, a problem of misspecification that may 
be difficult to avoid in an annual model. We leave this possible statistical 


problem aside. 
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The variables in the above equations are defined as 
follows: 
IvTD, = capital expenditures on both new equipment and construction by the 
Canadian telephone industry in millions of 1967 dollars. 


DIVTD, = net investment calculated from an average rate of replacement 


implied by the total ccastructed capital stock KT, 


KT, = constructed capital stock (telephone ptant) for the telephone 
industry as a whole. 

IVED, = capital expenditures on equipment by the Canadian telephone industry 
inemillions: of s1967#dollars® 

DIVED, = net investment in equipment and machinery calculated from an 
average rate of replacement implied by KE, - 

KE = constructed capital stock (equipment and machinery) for the telephone 
industry as a whole. 

IVCD, = capital expenditures on new construction by the Canadian telephone 
industry in millions of 1967 dollars. 

DIVCD, = net investment in new construction calculated from an average rate 
of replacement implied by KC, - 

KC, =constructed capital stock(construction) for the telephone industry 
as a whole. 


DREVD = change in the operating revenue of the Canadian telephone industry 


in millions of 1967 dollars. 
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Each of these equations says that current capital expen- 
diture by the telephone industry is predominantly determined by the change 
in the desired capital as measured by the change in operating revenues 
of the preceding year, lagged net investment, and the level of existing 
capital stock at the end of the preceding year. To be more specific, 
according to equation (1) for example, for each increase in revenue by 
one million dollars per year in the past year there will be 2.2 million 
1967 dollars of additional equipment and construction required this year 
alone to anticipate the increase in service in the future. Net investment 
ineach of the subsequent years required due to this one million dollar 
increase in revenue alone will be around one-third of the additional capital 
expenditure spent in the preceding year. Replacement investment is 
about 3.4 percent of the existing stock of capital at the end of last 
year. 

Similarly, if we consider capital expenditures on new 
equipment and machinery alone, then, according to equation (2), there will 
be 1.8 million 1967 dollars of additional investment required this year for 
new equipment for every million dollar increase in revenue in the past year. 
The subsequent net investment incurred will be roughly one-third of the 
net addition to the capital stock of equipment added in the preceding year. 
Replacement expenditures for equipment and machinery per year is about 
3.4 percent of the existing stock of equipment, 42 rather low estimate for 
this category. A similar interpretation can be easily extended to 


equation (3) for capital expenditures on new contruction. 


= 22a 


As we have emphasized in the section discussing the empirical 
studies of investment behaviour, the response of investment to expected 
changes in the demand for capital services is distributed over time - that is, 
the response of investment, gross or net, hinges upon the time elapsed 
after the changes in the demand for capital services have been anticipated. 
The time patterns of response of investment to a permanent change in demand 
for capital services implied in the above equations are given in Table I. In 
the first column are the lags elapsed after a change in the demand for 
capital services. Columns 2 to 7 record the response of either net (in 
the even columns) or gross (in the odd columns) investment corresponding 
to each of the three distributed-lag functions. 

Column 1, for example, gives the proportion of response 
of net investment in both equipment and construction to a permanent change 
in demand for capital services. A change in demand for capital results 
in no change in investment for expansion until one year later. At the 
end of that period, about 63.8% of the required change in demand for capital 
will be completed; one year later, another 23.1 percent of the required 
change will be finished, and so forth. The bulk of the required change 
in net investment ig therefore completed in the second year after a change in demai 
for capital has been anticipated. The entire investment project initiated 
in response to a change in the demand for capital is fully completed in the 
ninth year after the change has been anticipated; after that, net investment 
will become zero if no other change occurs. 

The proportion of response of gross investment is recorded 
in the third column of Table I. As may be observed, the peak response (63.8%) 


is also reached a year after the anticipated change in demand for capital 
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TABLE I 


INVESTMENT RESPONSE* 


(Calculated Time Forms of Investment Following a 
Unit Change in Desired Capital Stocks) 


TOTAL EQUIPMENT CONSTRUCTION 
Lag Net Gross Net Gross Net Gross 
Investment Investment Investment Invest Investment Investment 

O O O O O O 6) 
if -6380 +Oo00 .6449 -6449 6448 6448 
Z «2309 ~2526 Eade he) «2010 2295 2486 
3 0835 a ass -0813 Be aS) 0806 L076 
4 -0302 .0627 «0289 .0614 0287 0574 
5 .0108 .0445 ~UL03s 70439 0096 0396 
6 .0040 03:76 20036 .0374 0041 0328 
7 -0014 .OS53 -0014 sO393 0014 0314 
8 .0006 .0345 .0004 .0346 0000 0301 
) -0003 ~0342 -0000 ~0342 0000 0000 
10 -0000 -0339 - 0000 .0342 0000 0000 
fi - 0000 ea - 0000 BL Se oe 0000 0000 
t2 - 0000 -0339 -0000 2339 0000 0000 
13 - 0000 20339 -OCO0O 5339 0000 0000 
14 -0000 0309 -O0000 ORGS, 0000 0000 
i es -0000 ~0339 - 0000 .0339 0000 0.000 


*Computed from difference equation solutions of equations (1), (2), (3). 
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services has been diagnosed; all of this expenditure is for net investment. 
After that, gross investment is the sum of net investment and replacement 
investment. Compared with the response of net investment, gross investment 
will not become zero; instead, it will eventually be equal to replacement 
investment of the stock of capital required for the increase in demand. 

It may be noticed that the time pattern of response of 
investment in both equipment and construction is the same as that for total 
investment. Although data used here are not quite comparable to those 
of other studies, these results seem to corroborate other findings. In 
using U.S. quarterly data, Jorgenson [18], for example, found that for 
all regulated industries as a whole, there is no response of investment until 
the fifth quarter after the change in demand for capital services. Moreover, 
about 63.3% of the required change is completed by the eighth quarter. 

In passing we may also note that the capital/output ratio 
implied by the distributed-lag function of these investment functions is very 
close to the historical ratio. The steady-state ccefficient of output 
calculated from the total investment equation is 3.508, compared with an 
average capital/output ratio of 3.7 for 1952-67 from the DBS measure of 
Capital stock. Even compared with the average capital/output ratio 
of 3.9 for the same period calculated from the our constructed capital stock, thm 
steady-state coefficient is encouragingly close, suggesting that the 
distributed lag function implied in the total investment function may be a 


good approximation to the actual investment process of the telephone industry. 
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Another interesting point is the consistency between 
the aggregate equation (1) and the disaggregated equations (2) and (3). 
Since gross investment on both new equipment and construction is the sum 
of capital outlays on its two components, one would expect that the 
corresponding coefficients of these three regressions are compatible. 

This indeed is the case. For example, the sum of the coefficients of the 
change in demand for capital services in equations (2) and (3) is 2.281; 
compared with 2.238, the coefficient from the aggregate equation, 

the discrepancy is less than 2 percent. Furthermore, the aggregated steady- 
state coefficient of output from the disaggregated equations is 3.537 

which is less than one percent above the coefficient implied in the 
aggregate equation. This implies that a forecast of total investment 
expenditures using these disaggregated equations will not be very different 
from that using aggregate equations, but the distribution of these 
expenditures between the construction and communications equipment sectors 
is worth knowing. 

Thus far we have only discussed the accelerator model. 

No doubt one would like to compare the relative performance of this model with 
all others. A detailed comparison is given in Appendix B to this chapter. 
For our present purposes a brief summary is sufficient. 

In most cases the accelerator model explains investment 
behaviour better than other models, by more than 30% in terms of the standard 
error of estimate; it works slightly better than the expected-profit model 
which in turn is superior to most of the Jorgensonian neoclassical models. 
Compared with the modified neoclassical models, which allow for separate 
coefficients on the change in output and the change in the relative price of 


output to the rental value of capital service, however, the accelerator model 
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performs less well in terms of the standard error of estimate. This is 
hardly surprising since these models are extended versions of the accelerator 
model, with both change in output as the principal explanatory variable, 

and other variables as well. 

Nevertheless, in the modified neoclassical models the 
coefficients corresponding to changes in the relative price are either 
insignificant at a 5% level of significance or are implausible in.light: of the 
theoretical model. So are the coefficients associatediwith changes in 
the desired capital stock, in all except one of the non-accelerator models. 
From this point of view the accelerator model is overwhelmingly superior. 

In addition to these two measures, the accelerator model also 
yields slightly better (or at least equally good) results from the point 
of view of the maximum number of significant coefficients associated with 
changes in the demand for capital services. All indications thus con- 
firm the point we made earlier in the section on the framework of empirical 
studies, that the straightforward accelerator model is likely to be the 
best we can do in any aggregate analysis of investment in the telecommuni- 
cations sector. 

Through the period from 1950 to 1968 capital expenditures 
by Bell Canada account for nearly two-thirds of the capital outlays of 
the telephone industry; the proportion ranges from a low of 53% in 1953 
to a high of 68% in 1961. It is therefore important to estimate the 
investment function for Bell Canada and to compare the results with those 


for the whole industry. 
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As expected, the best model specification for Bell Canada 

is again the accelerator model. The equation is: 
(2) Bi De se oo DBREVD, 4 
(2.4) Coa?) (3.0) Ce) 


vigil diets cols) peti 3 + O02 3 ee | 
Ro = 0.9554 S = 10.6073 DW = 2.6717 

where BIVID, is capital expenditure of Bell Canada deflated by the Bell 

telephone plant deflator; DBREVD | are the changes in Bell Canada's operating 

revenues deflated by Bell revenue deflators; DBIVTD, is net investment 

calculated from an average rate of replacement implied in Olley's measure 

of net capital stock for Bell Canada (BOK, ) . Compared with the corresponding 

equation for the telephone industry as a whole, the results are generally in 

agreement. The Bell coefficient associated with the change in output 

is larger than that for the industry by about 5%. This may reflect simply the 

fact that Bell is growing relatively faster than the rest of the firms in this 

sector; with a rate of growth in Ontario and Quebec above the national 

average, such a result is hardly surprising. The estimated rate of replacement 

seems rather low. This result is somewhat unexpected since one might 

anticipate that, being the leader in this sector, Bell Canada would introduce 


technological changes at a faster rate to keep its leadership. However, 


one must be warned that since the capital measure for Bell is not constructed 
precisely as was our total capital stock series, the coefficients on the stock 
of capital in equations (1) and (4) are not strictly comparable. (Nor have 
these equations made adequate allowance for the effects of technical change 
in any case.) 

In comparing this accelerator model withother models from 


Bell Canada data, we again found it to be preferred, with the general relative 
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performance of the equations being much the same as in the results for the 
telephone industry. A display and comparison of various models are given 
in Appendix B of this chapter. 

Up to this point we have only discussed the results for 
the "telephone industry" which accounted in 1967 for about 95% of total 
capital expenditures and 92% of total revenues of the telecommunications 
industry. To the results from the data for the "telegraph and cable 
industry" we must now turn. As explained in the data section, limitations 
on available data have restricted us to estimating an wey chee model 
for the "telegraph industry". However, given the superior performance of the 
accelerator model in explaining the other 95% of the total capital 
expenditures by the telecommunications sector, one might expect that this 
selection is probably to be preferred, even if we had all the required 
information for alternative models. 

The regression equation obtained from the original 
investment series reported in Telegraph and Cable Statistics is poor on 
many counts: a negative estimated rate of replacement, insignificant 
coefficients associated with changes in the desired capital stock, small 
Ro (ranging from 0.50 to 0.75) and large standard error of estimaté 
The cause of all these troubles is Berra the abnormally high recorded 
investment outlays in 1960-64 associated with construction of the Trans- 
Canada Microwave System (TCMS) by CN/CP Telecommunications. Particularly 
in 1963 when construction of the system was finished, recorded 
Capital investment jumped to 73.1 million 1967 dollars, more than double 


the investment outlays of any other year from 1965 to 1968. This jump 
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may perhaps be simply an accounting aberration; expenditures for a large 
part of finished construction and/or equipment instelled before 1963 for 

the TCMS may have been paid out in 1963 When the entire system was completed) 
and thus recorded as investment outlays in that year. On the other hand, 
most of the construction work of the TCMS may have been completed in 1963 and thus 
the bulk of expenditures on construction recorded in that year. In any 

case one would like to be able to disentangle the outlays for the 

eons truction Of TCMS from other outlays,sor, better still, to, reallocate it 
in an appropriate fashion through the years so investment behaviour for the 
telegraph industry would not be obscured by the abnormal lump-sum outlays in 
1960-64. 

Unfortunately, however, this task is not possible without 
much clerical work in recompiling the necessary information from individual 
company records. We have tried unsuccessfully to use dummy variables on the 
1963 and 1960-64 observations. The best equation has been obtained by 
eliminating the total 75.3 million 1967 dollar expenditure on TCMS during 
1960-64 by CN/CP Telecommunications through a proportional reduction in each 
cf the annual outlays for 1960-1964, and introducing e durny variable 1963 
observation. In terms of the explanatory or precictive power of the estimated 
equation the improvement as a result of this procedure is cverwhelming. The 
estimated equation is given below: 

(5) TGI, SL ole te be aL DREGD | 0). OG TGIN, +. 0.025. KING 4+..26.958 DUM 
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R = 0.8783 Coo Se GW =.212705 


Definitions and sources of variables: 

TCI, = investment expenditures by the telegraph industry deflated by 
the investment good cGeflator for the communications 
sector, excluding estimated construction expenditures on 
TCMS for 1960-64 proportional to the annual capital 


outlays for this period. 


DRTGD, =changes in the operating revenues of the telegraph industry 
deflated by the GNP deflator. | 
TGIN, =net investment calculated from an average rate of replacement 
implied in KTG. 
KTG =net capital stock as measured by net cost of "telegraph" plant 
deflated by the Bell telephone plant deflator. 
DUM =dummy variable, all values except that for 1963 being zero. 
This equation suggests that investment outlays in 
response to revenue or output changes are somewhat lower in the telegraph 
component than in the telephone sector, but are completed more quickly. 
An increase of one dollar per year in revenue taken as an indicator of an 
increase in demand would, according to this equation, be accompanied by 
an investment outlay of $1.34 in the Sea and ultimately by an 
increase in the capital stock of $1.50. The fact that this incremental 
capital-output ratio is significantly less than the observed average capital/ 
output ratio for the telegraph and cable companies as a whole may be interpreted 


as an indication of substantial overhead capacity which can be taken up as 


output increases, or perhaps as a reflection of the increasing returns to 
scale tentatively identified in the production chapter (or, indeed, perhaps 
simply as a reflection of technical change). This effect may also arise in part 


because ‘revenue measures have not excluded revenues "attributable" to use of micro 


=— 229 = 


facilities, even though investment outlays on microwave facilities have 

been eliminated from the investment measures. This bias is not sufficiently 
great as to alter our interpretation, however. Increased capital 
utilization as revenues expand, in other words, accounts for the lower 


incremental capital/output ratios and rising capital productivity. 


5 Conclusion 


What, then, do we conclude from this analysis of 


investment outlays? The following results seem worth noting. 


Although many recent studies of investment decisions 
conclude that a "financial" or"neoclassical“model is the 
most relevant model specification for many industries we 
have found that investment expenditure by the 
telecommunications sector in Canada is best explained 

by a modified accelerator model. This result is 

consistent with one's expectations concerning the behaviour 
of a regulated industry, for the reasons outlined earlier, 
and is strongly supported by all our analyses of the 


available data. 


For the telephone segment of the industry as a whole, 
this model indicates that an increase in revenues of one 
million dollars per annum would be associated with 2.2 
million dollars of capital expenditure in the following 


year, with a subsequent stream of capital outlays continuing 
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until ultimately a total increase of 3.5 million 

dollars in the capital stock is attained. The distribution 
of these outlays over time, with very little response 

in the current year, about 63% of investment completed 

in the following year, and virtually all completed 

within two years, is significant, and consistent with 
estimates obtained fiom quarterly data on regulated 
industries in the U.S.. The fact that the long-run 

or steady-state coefficient of 3.5 renee close to the 
observed average capital/output ratio for the industry 
suggests that growth of the sector has kept pressure upon 
the capital stock, with no evidence of sustained excess 


Capacity. 


Again for the telephone industry as a whole, the 
distribution of investment outlays to construction, 

as opposed to machinery and equipment has remained 
relatively unchanged over the sample period, with about 
2/3 going to machinery and equipment, the remainder to 
construction. Dh eaeqr erea equations estimated for these 
two components separately are encouragingly consistent, 
showing the same lag pattern for each category, and 
summing to the previously estimated coefficients for 


total outlays. 


Data for Bell Canada, which accounts for close to 
two-thirds of total investment expenditures of the 
telephone industry, are available, and we have 

employed these to estimate an equation for Bell Canada 
investment expenditures alone. The resulting equation 
shows the same pattern of behaviour, but with a 
significantly higher incremental capital-output ratio. 
This result is consistent with the fact that Bell Canada 
has been growing more rapidly than the sector as a whole, 
and has been required to invest much more heavily in 
sophisticated and highly capital-intensive switching and 
trunking equipment than have many of the smaller firms 


who make up the balance of the telephone industry. 


For the telegraph and cable segment of the telecommunications 
sector, data are less adequate, but again the same pattern 
can be seen. Incremental capital/output ratios lower than 
long-run observed averages suggest more influence of 

excess capacity in this branch of telecommunications 
operations, previous heavy investment in overhead facilities 


permitting output and revenue increases with only moderate 


increases in additional equipment. Alternatively, the 
explanation of this result might be sought in the presence 
of economies of scale or continuing technical change. A 
somewhat faster completion of investment commitments - 


possibly for the same reason - appears to be indicated by 


ee ee 


our empirical results for this segment of the industry 


compared to the telephone component. 


In conclusion we should perhaps record our conviction that further 
analysis of investment decisions within this sector would be fruitful, but 
must be directed at a detailed analysis of activities and equipment, recog- 
nizing the durability of the investment goods, and the intrinsic uncertainty 
surrounding the conditions of its future use; such analysis must take into 
account the expected profiles of wage payments, capital costs, and maintenance 
outlays over the economic life of the equipment. Aggregate analysis seems 
unlikely to carry one further than the present chapter has gone; the next 
step must certainly be to 1iik in a more detailed way at the structure of 
the individual investment decision in a regulated environment, with uncertainty 
as to future market conditions and little scope for changing the operating 


characteristics of equipment once in place. 
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APPENDIX "A" 


Given that net investment is required for adjusting existing capital to the d 
sired level,and taking the time lag of the investment process into consideration, 
we arrive at a stock partial-adjustment model, or the fundamental"flexible 
accelerator" mechanism. Symbolically this hypothesis may be represented as: 


= — - koe < Xr < fi 
Res poate es eee 0 <1 (J 


where Ky is the existing level of capital stock in period t and Ke the 

desired level. The parameter X provides a measure of the rate of adjustment 

in investment; a smaller } means a more rapid adjustment of the capital stock 

to the desired level. By repeated substitution, this model may be written 

in the form of a well known Koyck-type distributed lag function, which then 
reflects that existing capital stock in period t is a (weighted average) function 
of the current as well as all past levels of desired capital stock. The 
immediate response in capital stock to one unit of persistent change in the 
desired level of capital is measured by (1 - A). The subsequent reactions are 
measured by the term (1 - re declining geometrically. 

This simple stock partial-adjustment model carries a 
restrictive time pattern of reaction of existing capital stock to the past 
levels of Suscten To allow for any other possible time pattern of capital 
Epon it has been shown that this time pattern has a meaningful interpre- 

tation in terms of economic behaviour [see, for example, Cagan, P.D., "The 
Monetary Dynamics of Hyperinflation," in Studies in the Quantity Theory of 


Money, edited by Milton Friedman, University of Chicago Press, 1956], other 
time patterns of economic behaviour may be more adequate in treating specific 


problems [see, for example, deLeeuw, F., “The Demand for Capital Goods by | 
Manufacturers: A Study of Quarterly Time Series", Econometrica 30(1962) ,407-23; | 
and Evans, M.K. "A Study of Industry Investment Decisions", Raview of Economics | 


and Statistics 49 (1967), 151-64]. 
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adjustment toward a desired level, one may suppose that the reaction coefficients 


in new investment over time are simply a sequence of non-negative numbers 
whose sum is unity. Each member of the sequence, say Wee is a measure of 
the lagged impact of a change in the desired capital stock i years earlier on 
the current level of capital stock; that the sum is egual to unity implies 
that an investment project is alwavs completed some time in the future. One 


way to generate a sequence of reaction coefficients of this type is to use the 


ratio of two polynomial functions -- that is, a Jorgensonian rational generating 


Functien. 
Keeping this feature in mind the simple partial stock-adjust- 
ment model may be generalized to a hypothesis that net investment (NI) is a 


distributed lag function of annual changes in the desired capital stock [17,20] 


B (L) 


NI. = [K* - K* _] (2) 
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where 8(L) and v(L) are polynomials in the lag operator L, 
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Solow [31] proposed a Pascal distribution lag function in which the weights or 


reaction coefficients assigned corresponded to the Pascal probability distribution. 
This proposal was generalized by Jorgenson [20] to a class of rational distributed 


lag functions; each member is a distinct, distributed-lag function depending 
on the ratio of two polynomials. 
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Let RI be replacement investment, and 6 the (constant) 
rate of replacement; then we get the simple equation: 


Ri =n (3) 


Observing that net investment is identical to that part of 
gross investment in excess of replacement, we may write gross investment as 
a function of changes in current and previous desired levels of capital and of 
the actual capital stock at the beginning of the period. 
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To be able to estimate this investment function empirically 
we must do three things: express the desired capital stock in terms of 
observed variables,choose the order of the polynomials £8(L) and v(L), and 
add to the above investment function a random error term. For the last task, 


we employ the commonly adopted assumption that the error term UL is distributed 


3 
independently over time with zero mean and constant variance: 
E(U,) = 0 peat dad. ee 
eae ae 
O Ors =20 
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The criterion for choice of the orders of the polynomials 
A (L) and v~(L) is not well established. In this study we shall adopt Jorgenson's 
suggestion to choose the combination of 8(L) and v(L) such that the standard 
error of estimation is smallest subject to the constraint that the order for 
both the polynomials is at most three. 


Most empirical studies on investment adopted this specification. Some 


justification is given by Grunfeld [14] , and Jorgenson and Siebert [21] 
among others. 
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APPENDIX B 


To compare the alternative models of capital investment, 
we have chosen from the regressions fitted for the period 1952 to 1967 
the best equation for each model under the criterion suggested in 
the text of this chapter. The results are presented in Tables I - cas 
Definitions of the variables are given at the bottom of each table, along with the 
t-statistics of each coefficient. The Durbin-Watson statistic (DW), the 
coefficient of determination ee and the standard error (S) are also 
given under each regression. In Table I, for example, there are twelve 
regressions fitted to capital expenditures by the telephone industry, 


each representing, for one model, the best distributed lag function between 


investment and changes in some measure of the desired level of capital. 


“ake in Tables I to IV are the fitted regressions on capital expenditure 
on new equipment and construction only; stocks of capital are constructed 
capital stocks for the Canadian telephone industry, and Olley's adjusted . 
net capital stock for Bell Canada. Results for investment including repair 
expenditures with gross cost of telephone plant, and for capital expenditures 
on new equipment and construction with net cost of telephone plant, as 
measures of stock of capital exhibit a similar pattern among various models, 
and thus will not be reported here. 
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Table I 


Capital Expenditure on New Equipment and Construction by the Canadian Telephone 


Industry 


1. Accelerator Model 


= 107.885 + + 0. + 0. 
IVTD, 16/385 2.238 DREVD, _4 Gi 362 DIVTD, 4 0.034 KT 4 


(3169 (5.0) zee) (25 5) 
pes Giese S = 17.1149 pw = 3.0184 


2. Expected Profit Model 


= : = MOhe { = (hs =P he aL Nf a2 le ook 
IVTD, = 144.631 - 0.252 DMKD, - 0.180 DMKD, , + 0.234 DIVID, _, Meo Synch 
(3.4) (-3.4) (-1.6) (0.95) (6 »5,) 
Ro = 0.9603 S.= 21.,.0566 DWy Hands 27 
ar Neoclassical Model 1 -- with earning yields as cost of capital (without 
capital gains) 
= 3 + 0. DNE1, + 0. 410). 
IVTD, = 136.583 + 0.031 ,+ 0.142 DIVTD, , + 0.084 KT, | 
(3.2) (35) (0.57) (6.8) 
R? = 0.9519 8 = 2128472 DW = 1.9705 
4. Neoclassical Model 2 -- with earning yields as cost of capital (with 
capital gains) 
= c = We ap (Olle J ar (Ole 
vip 85.795 0.003 DNE2 | 0.429 DE ey 0.086 Ree 
CLS) (-1.1) (id) (4,7) 
R? = 0.9002 S = 31.4495 DW = 1.5728 
5. Neoclassical Model 3 -- with profit rate as cost of capital (without 
capital gains) 
= ° ae Oho mm WO LON : 
au Bilto7F 02030 DNE3, _» 0.805 BAND ae 02516 DINED Sa ti). GO? AT eo] 
(2) (0.45) (2.4) C=175) (4.8) 


R? = Oo 2s S = 31.3174 DW =) 2741397 
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6. Neoclassical Model 4 -- with profit rate as cost of capital (with capital 
gains) 
= ; - 0. een + Os 
IVTD, 108.744 0.007 DNE4 | 0.299 DIVTD, _ 0.089 KT, 4 
Clie) (=1'.:5) (¢.83) (5.0) 
R? = 0.9087 S = 30.0855 DW = 1.8081 
5 -- with ratio of net-worth to market value as cost 


7. Neoclassical Model 
of capital (without capital gains) 


IVTD, = 90.645) ="). 141 DNES, _»5 + 0.783 DIVTD, _| - 0.419 DIVTD, _. + 0.089 KT, 4 
eleacaa (-0.74) (2.35) (=1.,1)) (4.5) 
R? = 0.9155 S = 30.6935 DW = 2.2036 
8. Neoclassical Model 6 -- with ratio of networth to market value as cost 
of capital (with capital gains) 
an = 90.430 - 0.161 DNE6, _. +0 4789 a ey ="0.422 be Ee + O,069 oh a) 
Cig?) (-0.77) (2.4) Cede) (4.6) 
R? = 0.9161 S = 30.5858 DW = 2.3109 
9. Neoclassical Model 7 -- with utility bond yield as cost of capital (without 
capital gains) 
A = 127.348 + 0.019 DNE7 | + 0.441 DIVID, 4 - 0.276 DIVID 5 + 0.088KT, 4 
(2039 CD.£2) (i050) (-4 74) (4.8) 
R? = 0.9245 S = 29.0142 DW = 2.2368 


10. Neoclassical Model 8 -- with utility bond yield as cost of capital 
(with capital gains) 


te : = 
0.2576 ee 0.509 DIVTD, _. 


IVTD, = 128.540 - 0.006 DNE8, - 0.002 DNES, , 
ti.) (=<. 4} (9.43) (1.4) (es) 
+0100 RET, 
(4.9) 
S = 29.8474 DW = 2.3770 
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ll. Neoclassical Model 9 -- Neoclassical Model 7 with separate coefficients 
for relative price and output 


IVTD, = 109.884 - 21.156 DRP, - 12.680 DRP, _1 + 2.084 DREVD + 1.2/2 DREVO 5 
(5.0) (-2.2) (-1.2) (Ai) (2.6) a 
to Ores 7 Diver FOO Ldn KT 
=2 i 
(2.0) : (ens) ae 
Z 
R = 0.9904 S,=,11.9692 DW = 2.6776 
12. Neoclassical Model 10 -- Neoclassical model 8 with separate coefficients 


for relative price and output 


- = DREVD fo. 
IVTD, = 116.896 - 0.671 DRPP, + 2.843 t-1 ,¢ 0-378 DIVTn. + 0.018 see 
(3.9) (-0.64) Ee (1.8) (0.88) 
R” = 0.9730 Sine 2485 DW = 2.8078 


Definitions of the variables: 


IVTD, = capital expenditures on both new equipment and construction by the 
Canadian telephone industry in millions of 1967 dollars. 


DREVD = Change in the operating revenue of the Canadian telephone industry in 
millions of 1967/ dollars. 


DMKD, = change in the market value of the Canadian telephone industry in 
millions of 1967 dollars 


: ; ee atl © 
DNE1, = change in the output-rental ratio of this industry in i measure of 
COSt LoL capital 


DRP = change in the relative price of output to capital service excluding 
Capital gains 


DRPP = DRP with capital gains included 


DIVTD,= net investment calculated from an average rate of replacement implied 
by the total vintage capital stock KT, 


KT, = Constructed capital stock (telephone plant) for the telephone industry. 


= 241 = 


Table II 
Capital Expenditure on New Equipment by the Canadian Telephone Industry 


1. Accelerator Model 
IVED = 48.839 + 1.809 DREVD + OoS55S DIVED + 0.034 KE 
t t-1 t-l t-l 
(2.9) C57) (2.0) C2) 


R = 0.9749 S 


12.0399 DW = 2.4210 


2. Expected Profit Model 


= 2 > 10) = (0) - 0.615 DIVE ar c 
IVED, 109.429 Oe LET DMKD, _| 0.136 DMKD, _ 5 0.615 DIY. Di» O.187 KE a 
(222) (-1.5) (—1.1) (-1.6) (5.7) 
R? =" QO .9135 S =] 16. 7196 DW = 1.7419 
3. Neoclassical Model 1 -- with earning yields as cost of capital (without 


capital gains) 


ayED = 60:.6/0 4.0,015 DNE1, +.0..007 DNEL, 4 - 0.034 DNE1, _» + 0.358 DIVED, _| 
(2.8) CPee) (0.42) (-1 58) G2) 
+ 0.084 RE 
(2283 
R =O, 9677 S= 15,4982 DW = 2.0080 
4. Neoclassical Model 2 -- with earnings yields as cost of capital (with 


capital gains) 


IVED, = 48.887 + 0.00002 DNE2 +RORS53" DIVED = “0°. 78 DIVED (OL koe" KE 
‘Z ca £~]. t-2 t-1 
(1.6) (0.048) (225) (=2445) C521) 
R ma), 9931 S 320. 8561 DW = 1.87/51 
5. Neoclassical Model 3 -- with profit rate as cost of capital (without 


capital gains) 
= ap On ae (0) - =O); tO ei25) KE 
EVED 47.067 0.040 DNE3_»5 0.616 DIVED, 1 0.664 DIVED 5 Oval t-1 
Gaye, (ORE ) (16) (=2.0) (S25) 


R? = 0.9403 5 = 19.7115 DW = 1.6017 
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6. Neoclassical Model 4 -- with profit rate as cost of capital (with capital 
gains) 


casey. = 49.268 - 0.0002 DNE4, + 0.838 (DIVED, . - 0.740 DIVED, (it O. 110 Ke 


t-l t-2 t-1 
C17) (-0.62) (256) (-2.3) (5..10)) 
2 
R=) Os93Gce Seri S62 DWi=— 20932 
7. Neoclassical Model 5 -- with ratio of net worth to market value as cost 


of capital (without capital gains) 


= - a - 3 iL + Ade 
IVED, BL SOWss OF 037 DNES, _» + 0.845 DIVED, 4 O a D VED, _» Oma KEV] 
Clear) (-0.29) (2.6) (-2.4) bee 
R? = 0.9338 SS) POS JAE DW = 1.8596 
8. Neoclassical Model 6 -- with ratio of net worth to market value as 


cost of capital (with capital gains) 


= - : - 0. + 0. 3 
ee 52,600 0.060 DNE6, _» + 0.848 DONE es, ROT a Ms BAB 8) wie Ooi Moa 
OUad) (-0.45) (2.6) (-2.4) (S52) 
R? = 0.9347 S = 20.605) DW = 1.8875 
9. Neoclassical Model 7 -- with utility bond yield as cost of capital 


(without capital gains) 


IVED, =.06 2.5320" 0).,0..3 DNEV + 0.985 Peer - 0.564 DIVED wr QO. 112->KE 


t-2 t-1 
(2.4) (1.6) (1.8) (=1.2) (Sz) 
R? = 0.9496 S = 18.1081 DW = 2.2607 
10. Neoclassical Model 8 -- with utility bond yield as cost of capital 


(with capital gains) 


IVED, = 65.199 = 0.004 DNES. = 0.0004 DNES, 3 +056 78 DEVE as - 0.770 DIVED, _5 
(2,0) (-1.4) (=0.15) (1.8) (-2.6) 
Oy, 12 8 ae 
Sore 
R? = 0.9505 So] 19.1763 DW = 2.2448 
11. Neoclassical Model 9 -- Neoclassical Model 7 with separate coefficients 


for relative price and output 


IVED, = 42.379 - 11. + 1. 
‘ 9 - 11.313 DRP, + 1.730 DREVD, | 


(ro) tas) (5°. 5) tesa) (253) 


Ro = 0.9791 S = 11.6514 DW = 2.2682 


+ 0. i + 0. = 
0.384 DIVED, _, + 0.037 KE, >, 
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12. Neoclassical Model 10 -- Neoclassical Model 8 with separate coefficients 
for relative price and output 


IVED, = 51.977 - 0.666 DRPP + 1.729 DREVED + 0.318 DIVED + 0.039 KE 
(3.0) (-0.96) (5.3) og ee vet (2.8) Ga 
: : 
R” 240.9775 S = 12.0939 DW = 2.5495 


Definitions of the variables: 


IVED, = capital expenditures on equipment by the Canadian telephone industry 
in millions of 1967 dollars 


“ 
DREVD 

Le 
DMKD 

2 
DNEL, See the definitions in Table I 
DEF. 
DRPP 
DIVED = net investment in equipment and machinery calculated from an 
average rate of replacement implied by KE, 

KEY = constructed capital stock (equipment and machinery) for the telephone 


industry. 
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Table III 


Capital Expenditure on Construction by the Canadian Telephone Industry 


1. Accelerator Model 


= 61.834 + 0. +0. + 0. 
IvcD, 61.834 0.472 DREVD, _4 0.355 DIVCD, 5 0.030 RCT LY 


(270) Ci) (lie) (is 1 
Ro = 0.8073 Si 1. 3452 DW = 2.1622 
2. Expected Profit Model 


+ 0.245 DIVcD,_, + 0.083 KC 


TVCD = 69,053 = 0.052DMKD - 0.078 DMKD =] 1 rae | 
(2.8) (-1.3) (-1. 3) (287) (4.4) 
Ro = 0.8237 S = 11.5103 DW = 2.2100 
3. Neoclassical Model 1 -- with earning yields as cost of capital (without 


capital gains) 


IVCD, = 45.748 + 0.028 DNE1, + 01355 DEVCD + 0.062 KC 


t-1 t-1 
(2'.0)) (1.4) Cle3) (4.5) 
Ro = 0.7889 S = 11.8768 DW = 2.0018 
4. Neoclassical Model 2 -- with earning yields as cost o- capital (with 


capital gains) 


TVED, = 51.842 — 0.0005 ss + 0.410 DIVCD —- + 0.062 KE 


t=1 t-1 
C19} (-0.44) Vlice) (4.1) 
R? = 0.7505 S = 12.9110 DW = 1.8716 
5. Neoclassical Model 3 -- with profit rate as cost of capital (without 


capital gains) 


IVCD, = 43.619 + 0.009 DNE3 + 0.474 DIVCD + WOT Ke 
t t-2 t=) ci 


Cee) (0732) (Tr. 7) (4.0) 


R? = 0.7478 S = 12.9798 DW = 1.8020 
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6. Neoclassical Model 4 -- with profit rate as cost of capital (with 
capital gains) 


TVCD. = 54.861 - 0.0009 DNE4 | + O'S /4 DIVCD +50 .062 KC 


al t-1 
Cia (-0.45) (Cr. 8) KA ek) 
Re =O ee OUD So= "12.9102 DW = 1.8826 
7. Neoclassical Model 5 -- with ratio of net worth to market value as cost 


of capital (without capital gains) 


A Soe ee One DNES #707545 DEVE) 2 +0 2063, KC 


1 t-1 
Cleo) (-0.27) (1.4) (4.0) 
Rp? = 0./471 S = 12.9986 oy S We Vass 
8. Neoclassical Model 6 -- with ratio of net worth to market value as 


cost of capital (with capital gains) 


TvcD, = 42.1242 - 0.027 DNE6 | re Os o2IDIVCD SS 2etP0 2063" KE 


t=1 Seed! 
CLG) (=0.5 36) (lo 7) (4.1) 
R = 0.7487 S = 12.9565 DW = 1.7755 
9. Neoclassical Model 7 -- with utility bond yield as cost of capital 


(without capital gains) 
IvcD = 34.842 - 0.030 DNE7 + 0.646 DIVCD, _4 a. Go) he 
(Ld) (=2)1) (276) (5, .¢2,) 


RO = 0.8300 S = 10.6574 DW = 1.7365 


ta) 


10. Neoclassical Model 8 -- with utility bond yield as cost of capital 
(with capital gains) 


IVCD = 53.470 - 0.001 DNE8 | J 0. 395 DIVCD. 2. dt 0.061 KC 


cor t-1 
(25 Lae iO). 29) (1.4) (4.2) 
Ro =/0.57655 Ss= 47,5162 DW = 1.9438 
11. Neoclassical Model 9 -- Neoclassical Model 7 with separate coefficients 


for relative price and output 


IVCD, = 74.937 - 12.744 DRP, - 17.690 DRP,_, + 0.736 DREVDy_, + 1.200 DIVCD,_, 
(3.7) (21.9) (-2.3) (3.0) (0.79) 
+0.010 KC 
(Ge48)- 
2 


| R = 0.8921 S = 9.62886 DW = 2.6216 
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12. Neoclassical Model 10 -- Neoclassical Model 8 with separate coefficients 
for relative price and output 


ER, = 837607 “= Hi 70S. Se =e ere REE + 0 5494 “DREVD 1+ 40.163 DIVCD 


t-1 t-2 
(3.4) (-1.5) (-1.7) (230) LO) 
a AO OIL Key 
(0.78) 
fe 0.8430 Sie db 63. DW = 2.0269 


Definitions of the variables: 


IVCD, = capital expenditures on new construction by the Canadian telephone 
industry in millions of 1967 dollars 


DREVD 
= 


DMKD 


ay 
DNEi. * 

a 
DRP 


See the definitions in Table I 


DRPP 


DIVCD, = net investment in new construction calculated from an average rate 


of replacement implied by Ke 


—e ~ constructed capital stock (construction) for the telephone industry. 
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6. Neoclassical Model 4 -- with profit rate as cost of capital (with capital 
gains) 


EIVID , = 50,7069 —- 0.004 BPNE 4. FAP s20 DeTvTD 1 +1 0ON265 Pea aes 5 0073. BOK 


t-1 
(CAGE) (—1 9) (15) (eo) (7.4) 
2 
R = 0.9439 So 154 9726 DW = 1.9038 
7. Neoclassical Model 5 -- with the ratio of net worth to market value as capital 


cost (without capital gains) 


Biv Dees. oo4 — Onze DENES. +. 0.452 DBIVITID + 0.074 BOK 
ite te t-l t-l 
C2en7) (=281) (2.0) (9.6) 
Re = ()-Sek3 Se= Sis Iks)3 D Wire le ale 
8. Neoclassical Model 6 -- with the ratio of book value of networth to market value as 


capital cost (with capital gains) 


Peeve. = 30.429 = 0,252 DBNEG. + 0.403 DBIVTD + 0,074 BOK 
t t aed pak 
(3.5) (-2.6) C1) (20509 
Ro = 0.9415 §-= 12.1502 DW = 2.3975 
9. Neoclassical Model 7 -- with Bell long term bond vield as capital cost 


(without capital gains) 


eiytD = 80.481 - 0.057 DBNE7 | + 0.438 DBIVTD + O07. BOK 


t-1 t-1 
Se) (=2, 5:) (2.0) (9.6) 
R? = 0.9403 §S = 12.2748 DW = 2.1624 
10. Neoclassical Model 8 -- with Bell long-term bond yield as capital cost 


(with capital gains) 


| BIVTD = 94.184 - 0.007 DBNES8 + 0.279 DBIVTD S071 MBOE 
| t t t=1 1 


(379) (=25 8) (1.4) UVLO, 0) 


R? = 0.9467 Sgr gin ws ler eee bal DW = 2.3649 


diy 
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Table IV 


Capital Expenditures on New Equipment and Construction by 


Bell Canada 


Accelerator Model 


see AEs = 51./13' + 2.386 DBREVD +07 585) DBIVip + 03023 BOK 


ae 


BIVTD, 2-965 BLS OES oe + Oiol3 DBEVID -5 + 0.065% BOK 


3. 


BINIDE =§69. 512 = .0.,0329 DENEL _ 


4, 


toe t=2 c=) 
(2.4) (3577 (3.0) eo) 


R° = 0.9554 S = 10.6073 DW = 2.6717 


Expected-profit Model 


t-l1 
Cie) (-2.9) (2.4) (hecthey) 
R? = 0.9418 Saae 2. L196 DW = 2.0931 
Neoclassical model 1 -- with earning yield as cost of capital (without 


capital gains) 


+ 0.412 DBIVTD, , + 0.080 BOK, _ 


t=) t-1 t-l 
joe 6) (-2.0) CL.) (8.1) 
R? = 0.9269 S = 17,3880 DW = 1.6261 
Neoclassical Model 2 -- with earning yield as cost of capital (with capital 
gains) 


eS = 61 201 = C7005 DBNE2 | + 0.388, DBIV TD + 0.082% BOK 


a6 


ae = 75>.215 -— 0,045 DBNE3 + 0.436 DBIVTD 


ted t-1 
(253) (4c) LEAN? es (3.53) 
R? = O.9221 S = 17.9443 DW = 1.4634 
Neoclassical model 3 -- with profit rate as cost of capital (without 


capital gains) 


+1 O/107 Om BOK 
t-1 © c 


(So) (= 3) (2) (8.9) 


= 


R = 0.9460 S = 14.9435 DW = 1.8484 
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From the above results we can compare the relative performance 
of various models in explaining the investment behaviour of this industry. 
One's judgement on this question will of course depend upon the purpose 
for which the model is constructed. Nevertheless, there are three criteria 
commonly adopted in empirical studies. From the viewpoint of pure pre- 
diction of investment expenditures, the best measure of relative performance 
is the standard error of the estimate of the best distributed-lag function 
corresponding to each model. The model which yields the least sum of 
squared residuals from the best regress?#én equation will give the best 
explanation of investment behaviour of this industry and make the smallest 
prediction error in the long-run. To make the residual variances of 
different models comparable we must correct them for the degrees of 
freedom. Thus again the standard error of regression is chosen as a 
major statistic for comparison of the various models. 

A second criterion to judge the relative performance of the 
various models is the economic plausibility of these models. While it 
is possible to find a series of numbers which, used to approximate desired 
capital stock, could result in a small standard error, such an investment 
function may be completely meaningless economically. A simple indicator 
would be to assess the sign and magnitude of the estimated coefficients 
against a priori information that may be available to us. Unfortunately, 
See i ot lay speaking, to use the standard error of the estimate as a basic 

statistic for comparison of goodness of fit the disturbance term of the 
best distributed function must be serially uncorrelated. Otherwise the 
conventional formula for calculating standard errors can be seriously mis- 
leading. However, since the values of the Durbin-Watson statistics cor- 
responding to various models do not, except in very few cases, suggest 

the presence of either positive or negative serial correlation, we may not 


be committing any serious error in assuming that the true disturbance u 
is random. 


= a 


since information in the public domain about this industry is quite 
limited, we are unable to make any independent calculation of the 

magnitude of the coefficients. Nevertheless, the signs of the coefficients 
on both the change in the desired capital and the existing stock of 

capital may be easily specified on intuitive grounds. (Especially if 
coeffic’ents associated with changes in the desired capital are negative, 


one may reasonably be suspicious of the results.) 


A third way to evaluate the relative performance of 
various models is to analyze the variance of the estimated coefficients. 

The coefficients associated with changes in desired capital are again of 
particular interest. Without these terms, net investment would be determined 
completely by its past history; such an investment theory is hardly 

of any interest. 

For convenience of comparison, Tables V and VI have been 
compiled from the results in Table I and IV. Column 3 of these tables 
contains the standard errors for the various models. Other relevant 
information recorded in the tables are Bek Durbin-Watson statistic, 
total number of significant coefficients at 5% level of significance, 
number of significant coefficients of changes in the desired capital 
stock, and number of 8 coefficients with the wrong sign. 

It is clear from these tables that, as far as the explanatory 
or predictive power is concerned, the accelerator model performs better than 
all other models except the NM-9. In most cases the accelerator model 
explains investment behaviour better for both the Canadian telephone industry 
and Bell Canada than other models, by more than 30% in terms of standard 


errors. Generally speaking, this model performs slightlv better than the 


AOL em 


expected-profit model which in turn is superior to most of the Jorgensonian 
neoclassical models. By comparison with the modified neoclassical models 
(NM-9 and NM-10), however, the accelerator model performs rather badly. 

This is hardly surprising since both NM-9 and NM-10 include as the principal 
explanatory variables not only the major determinants of the accelerator 
model -- change in the output -- but also the relative price of “output 


to rental value of capital service. 


Among the Jorgensonian models there is virtually no distinct 
advantage or disadvantage by including (our poor measure of) capital gains 
in the measure of rental value of capital service. Of the four different 
measures of rental two improve the standard errors slightly, by including 
capital gains, the other two actually are somewhat worse. As to the 
different measures of rental, evidence from both the industry and the Bell 
Canada data does suggest that the long-term bond yield explains invest- 
ment expenditures better than the other three. This result corroborates 
the arguments of Modigliani and Miller [29]. 

Turning now to the second criterion for evaluating 
the relative performance of the various models,one observes from the 
last column of both tables that the superiority of the accelerator model 
over any others is overwhelming. It is surprising to point out that in 
almost all the neoclassical models and the expected-profit model the 
coefficient associated with changes in desired capital carries the wrong 
Sign. In the cases where the 8 coefficients do retain a correct sign, they 
either are insignificant at the 5% level of significance or associated with 
changes in the output of the industry. The onlv exception is the model 


labelled NM-1 applied to the telephone industry data. If any of the models 
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showing an incorrect sign for all the 8 coefficients in fact carried the 
true specification of the investment function for telephone service, it 
would mean that (other things being equal) investment could increase as 
revenue decreases or rental increases, or both. In the short-run such 
a result might -ccur due to uncertainty or unpredictable changes in 
market conditions; it could hardly be plausible in the long-run. 

With respect to the third measure of relative performance, 
we found that the accelerator model performs slightly better in some 
cases equally well in others. All except the model NM-9 have at most only 
one significant 8 coefficient. In seven out of the 24 cases none of the 


By “coefticients: in significant. 
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VI. Broadcast 


oo 


1. Introduction 


The broadcast sector of the telecommunications industry is different 
from the telephone and telegraph sectors in two significant respects. The first 
is that commercial broadcasting is a one-way medium. The audience listens 
©r watches, but does not reply (except possibly by mail). The second is 
that the recipients of broadcasting are not the customers: the audience 
consumes, but the advertisers pay. The broadcast industry provides the 
facilities permitting advertisers to’ communicate with ‘the audience. fhe size 
and composition of the audience are important to the industry since the 
advertiser bases decisions on the cost of reaching a potential purchaser of 
his product. The larger the audience, the greater will be the demand for 
advertising time. The members of the industry compete with one another 
and with other media for the attention of the audience and for the advertising 


expenditures of business. 


Since the end of World War II, there have been dramatic changes in 
the broadcast industry. Radio used to play the role in home entertainment that 
television now does. Those over thirty can remember the family gathering around 
the radio many evenings to listen to favourite programs. In the late 1940's 
when American TV signals became available along the border, and especially in 
the early 1950's when domestic TV broadcasting began, radio broadcasting lost 
this audience and began to change the nature of its service. Radio now services 
an audience which by and large is busy doing something in addition to listening: 
rising and dressing in the morning, driving to and from work, cooking or cleaning, 
making a pretense of doing homework, or lying on the beach enjoying the sun. 
Radios seem to be everywhere but underwater. Despite the fact that radio has 


lost much of its share of national advertising to television, radio now has more 
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listeners and more advertising revenue than ever. National advertising consti- 


tuted 39.6% of private radio advertising in 1968 while it was 75.8% of private 


TV advertising. 


TABLE I 


COMPOSITION OF ADVERTISING REVENUES, CANADA 
1968 


National Advertising 


Revenue 
(millions) 


Local Advertising 
Revenue 
(millions) 


Total Advertising 
Revenue 
(millions) 


Private Radio 


Private TV 


In order to meet the needs of the more specialized local markets 


there has been a rapid growth in the number of radio stations ,although many of the new 
stations are FM subsidiaries of existing AM stations. From 1962 to 1968 the 

number of private radio stations increased from 198 to 319 while the number of 

private TV stations increased from 58 to ls The slower growth in the number 

of TV stations is a result of the limited availability of VHF spectrum in the 

large markets and a lack of sufficient revenue in small markets (UHF for smaller 
cities). Since it is much less expensive to operate, a radio station will be:pro- 
fitable if it can attract even a small audience with the socio-economic charac- 


teristics desired by an advertiser. Such "narrowcasting" seems likely to become 
even more widespread over the coming years. 


In the post-war period, television in Canada has grown from nothing 
to an industry with two national networks and a number of independent stations. 
At the beginning there were only a few hours per day of black and white prog- 


ramming, but now colour programming is the rule for most of the 15 to 20-hour 


In addition to these private stations, at the end of 1969 the CBC operated 
40 radio stations and 18 TV stations. 
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broadcasting day. The availability of the microwave networks of CN-CP and TCTS 
has made possible nationwide live broadcasting of events as different (similar?) 
as political conventions and football games complete with slow-motion instant 


replay: of the more spectacular maneuvers. 


Our goals in this chapter are to learn how advertisers make their 
Gecisions on expenditures, how these get translated into revenues of the broad- 
casting industry, and then how the industry decides how much labour and capital 
to use to satisfy this demand. Unfortunately, however, we will fall short 
of these goals, primarily because we lack sufficient data to carry out the 
required statistical analysis. We have been able to relate advertising revenues 
to the level of activity in the economy and to relate wages and salaries to 
revenue, but for a number of other data series we have been able to do nothing 
more than estimate exponential growth rates in order to outline the patterns 
of growth. 


Data 


The Dominion Bureau of Statistics began publishing occasional issues 
of Radio and TV Broadcasting Statistics (catalogue nos. 56-501,2,3) in 1956. 
In 1961 they published the first regular issue of Radio and Television 
Broadcasting (catalogue nos. 56-204) and in 1962 there was a major reclassifi- 


cation of the data. The major categories in the 1962 issue are: 


a) The Industry (Radio plus TV, with CBC and private) 
b) Private Radio 
ce) Private TV 


CBC is not split into radio and TV, presumably because the plant 
and labour force are used in common. Revenue by source and various expenses 


are published for each category. For the industry, it is possible to extend 
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most of the series back to 1956, but for private radio and TV only a sample of 
seven observations from 1962 to 1968 is available. For these short series we have 
calculated only the annual percentage growth rates since it would be hazardous to 
estimate causal relations from regressions using so few data. For the longer 
series, we have fitted dynamic demand equations for advertising revenues 


and static equations for wages and employment. 


Results 


a) Revenue 


For the industry we have used the Houthakker-Taylor model to estimate 
demand measured by total advertising revenue and its two components, local 
advertising and national advertising. Our reasons for using the Houthakker- 
Taylor model are somewhat unusual because in the case of broadcasting both 
the audience and the advertisers are habituated to television. Audience habit 
formation takes two forms: loyalty to specific programs or stations and 
stability in viewing or listening hours. Even though the audience does not pay 
for the service, its habits are relevant to estimation of revenue of the 
broadcasters, since advertisers base decisions on cost per thousand viewers (CPM). 
A station which captures a larger audience raises its rates (and revenue) while 
CPM remains at about the same level. The habituation of advertisers is perhaps 
less obvious, but loyalty to other media may exist in the form of long term 
contracts. In addition, adjustment to new marketing opportunities takes time, 


and this is captured in the dynamic framework of the Houthakker-Taylor model. 


We first tried to explain the share of broadcasting revenue in terms 
of total advertising expenditure for all media and also in terms of total 
advertising agency billings for all media. However, there were insufficient 


observations to be able to use total advertising expenditure. When we 


: 
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used agency billings to explain broadcast revenue, we found a satisfactory fit, 
but better results were obtained using GNP directly. This somewhat surprising 
result may reflect different contractual arrangements in broadcasting as opposed 
to publications . In broadcasting the advertiser frequently purchases a 

program for a whole season or year, and this decision is probably based on some 
measure of prosperity. On the supply side, a broadcaster has to fill the 

air for most or all of the day, while magazines and newspapers can publish 

fewer pages to cut costs. However, publishing feels the effects of the business 
cycle more than broadcasting. In Tables II and III, reproduced from DBS 
Advertising Expenditures in Canada (Catalogue No. 63-216), we have the breakdown 
of advertising expenditures and agency billings into their components. It 
should be noted, however, that in Table III the importance of TV is overstated 
since most TV advertisements are placed through agencies, while much news- 


paper and radio advertising is placed directly. 


TABLE II 


Estimated Advertising Expenditures in Canada, 1964, 1966 and 1967 


Component 1207 1a208 
jar change 
Elément goed 
Variation 
dollars Tn 
All components - Total - Ensemble des éléments ........... 739,406,742 898,400,579 967,603,701 7 
Printed advertising) -——) Publicité impriméelsees. 2 oeeene see nee 438,535,473 518,792,000 550,521,000 oy | 
Radiog--srubliciees vadtophonigucen em meer: mae eeee ee een 65,120,940 80,047 ,487 88,457,839 10.5 
Te levistong=—— Pup bicite stel GyuaisSciss ci ieten te artes tte aie een 80,662,036 100,391,057 Li 2 522950 10.8 
Advertising agencies' commissions -- Commissions des agences é 
Ge publicites. Got sweet Pe mans 46,596,607 57,08 
TIO OOO LOC OGL OOOO BIO » 082,209 63,118,282 : 
Outdoor advertising -- Publicité extérieure .........-.seec0.. hese740758 73,975,379 84,494 008 e a 
Direct mail (postage only) -- Publicité directe (frais de j ‘ : 4 
PESGessSewlenant) myrraritise meee eter 35,336,250 34,964,025 
Se cits) atonetahe aleletererarsi aie state stares > 5 ; 5 5531 F 
mas Celvanecouss——sPubiiet Keud1Vers mer tee eee nae ee 26,480,678 33,148,422 Hi IN : 3 
> > > . 
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TABLE IIL 


Percentage Distribution of Commissionable Billings by Medium and 
Agency Commissions, 1956-1967 


i Percentage distribution of commissionable billings 
Total partition proportionnelle de la publicité 4 la commission 
: commission- 
able Production, Agency 
billings artwork, commissions 
reer -- visual printing, etc. Television Se 
zen Publicité ; -- -- -- Commissions 
| Année a la com- Pubsie Autres Production, Télévision Autres des agences 
mission, eat tens moyens dessin 
valeur visuels publicitaire, 
| totale impression, 
ccc. 
dollars per cent -- pourcentage 
Oe BoSaearoogee 201,797,434 2 30,452,807 
BT] cccccsscceccce 222,025,288 33,377,463 
BU icisle ces ese tives 233,789, 205 35,277,406 
3) ppopedadhscaag 250,080,021 bs 37,678,828 
BIEL) Nelelelsin'cie's\e <icieiere 267,756,156 39,993 ,639 
Bl ciss/c.0.0 06 06s-en- 277,805 ,963 é 41,253,508 
BME ovascs ses 293,028,021 43,496,564 
4) geaapasadocube 296,762,297 44,270,021 
SMe ss ceatsees |) OLL,392.070 ; 46,596,607 
Meee: . 5 .eerery. 1 354}6507007 : 52 883, 006 
ae si | 392,562,021 57,082,209 
ARRAS ae ... | 420,092,360 ; 63,118,282 


. Amount too small to be expressed. -- Montant infime. 
It would be desirable to deflate total broadcast advertising revenue 
to a constant-dollar measure of output, but there are no obvious price indices 
to use. While it might be possible to collect per-minute advertising rates for 
a sample of radio and TV stations, even this information would not be 
sufficient. The problem is that rates depend on audience size, which means that 
there would be a major difficulty in separating price changes from changes 
in audience. Moreover, quantity discounts for clients with large advertising 
expenditures further complicate matters since changes in the proportion of 
revenue billed at full rate should affect the index. While it is standard 


practice to give these discounts, we were unable to find any information as to 
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their effect on industry revenue. Consequently, in the equations that follow 


we have used current dollar advertising revenue and current dollar GNP. 


State Adjustment Models [A, = A,- For description of Houthakker-Taylor model 


see Chapter III]. 


2 
= HLS. sae ae is R = .993 
(CY gpg ais 82 +. 2286 i ty OU eas. 
(-1.4) (L583) DW = 1.44 
Q) = 4.09 + .8402 +. 00033 1X | R = .994 
Show Tee aye t 
(—.7) (1.9) DW = 1.85 
Gy = LL. 58a ..3 799 +i 00140 x Re = .990 
Int 7 Z ‘ Int-1 j e ; 
(-1.6) (iS) DW = 1.65 
oe total advertising revenue of broadcast industry (millions) 
a local-advertising revenue of broadcast industry (millions) 
2 a as national-advertising revenue of broadcast industry (millions) 
xX, = GNP in current dollars (millions). 


These results are quite good except for the GNP coefficient in the 
local-advertising equation which has an unsatisfactory t-radio. Despite 
this, however, the income elasticities computed from the equation are reasons 


able, as are the elasticities from the other two equations (see Table IV )e 


The coefficients in the basic model indicate that habit formation is 
present and is stronger in local advertising than in national advertising. We 
think that this result stems from both audience and advertiser habituation. 
Since most local advertising is in radio, this result indicates greater aud- 
ience loyalty to radio programs or stations than to TV programs or stations. 
Vitually all national advertising is placed through advertising agencies, while 


much local advertising is placed directly. The agencies appear to be less 
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subject to habit formation than businessmen who place ads directly. 


The income elasticities computed in table IV show that advertising 
revenue grows faster than GNP and that local advertising is growing faster 
than national advertising although national advertising responds more quickly 


to changes in GNP as a result of weaker habit formation. 


TABLE IV 


Income Elasticities 


Equation 


From published data it is possible to separate CBC and private ad- 
vertising revenue only for the period 1962 to 1968. Therefore we did not try 
to estimate revenue as a function of GNP, but we did compute growth rates for 


the period and these are given below in Table V. 
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TABLE V 


Annual Percentage Rates of Growth and 1968 Levels 


Growth Rate 1968 Level 


133 million > 


CBC local advertising revenue 


CBC national advertising revenue 26.6 
CBC total advertising revenuet 21.9 
CBC total revenue including grants NAS 
Private total advertising revenue 

(radio & TV) 16250 
Private radio local advertising 
revenue 5G 
Private radio national 
advertising revenue 36.9 
Private radio total advertising 
and other revenue Slane! 
Private TV local advertising 
revenue 21.4 
Private TV national advertising 
revenue Glee 
Private TV total advertising 
and other revenue 100.0 


1 : cor : 
The figure for 1968 CBC advertising revenue is for net revenue. The public 


accounts give a figure of 38.7 million which is gross revenue. ‘The difference is 
about evenly divided between advertising agency commissions and remission of 
revenue to private stations carrying CBC programs with national advertising. Of 
CTV network national advertising revenue,75% is distributed among the member 


stations and 25% is retained by the network. The latter is not included 
in the DBS figures. 
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Table V shows that CBC advertising revenues have not grown as much 
as private revenue, in part because the number of private radio and TV stations 
has increased much faster than the number of CBC stations. However, total reve- 


nues of the public and private sectors have grown at similar rates. 


A comparison of the growth rates of revenue in the private radio and 
private TV areas reveals four important trends. First, we see that all the 
growth rates are high when compared to GNP or most other major sectors of the economy. 
Second, TV revenue is growing faster than radio by about 3% per annum. This is 
probably in part due to more rapid increases in TV advertising rates than in radio 
rates. In addition, TV stations may have sold more of their available time in 
the latter part of the period. The third and fourth trends are that in radio 
local advertising grows more rapidly than national advertising, while in TV 


national advertising grows more rapidly than local. 


We have not attempted to explain CBC grants. These grants make up a 
very important part of industry revenue. For most of the period the grant has 
been about the same size as total radio and TV national advertising has been 
appreciably higher in 1967 and 1968. In 1968 local advertising revenue was 
79.2 million dollars, national advertising 130.8, the grant was 145.6 and non- 
advertising industry revenue was 15.6 million dollars. Of the total advertising 
revenue of 210.0 million, 182.0 million was private and 28.0 million was CBC 


revenue. 


b) Expenses and Employment 


Since for the CBC profits are zero, the grant amounts to a subsidy 
equal to the amount by which revenue falls short cf expenses (excluding depre- 


ciation and amortization). In the private sector, profits after taxes have 
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increased from 1.75 millions dollars in 1962 to 17.1 million dollars in 1968. 
From 1964 to 1968 net operating revenue has been close to 15% of total private 


revenue. 


Wages and salaries are the largest item in the list of expenses, 
comprising about 40% of total expense for both the private and public sectors 
of the industry. For the whole industry for the period 1956-68 we estimated 
the relation between wages and revenue (including non-advertising revenue and 
grants). The equation follows: 


(4.) Wages = 3.24 + .3758 Revenue R = .995 
Cie) (46.0) DW = .84 


This equation is quite good for a static model, but it has high positiy, 


autocorrelation as indicated by the low pDurbin-Watson statistic. 


We attempted to explain employment in terms of revenue, but could 
not find a satisfactory equation. We also tried linear and semi-log regressions 
of the number of employees against time. The best fit was with the linear 
equation, which estimated that employment in the industry increases by 685 


workers per year. 


In Tables VI and VII we separate the industry into CBC and 
private components and then further separate the private component into 
radio and TV. From Table VI we see that the public and private sectors have 


been growing at roughly comparable rates. 


2 : 
The eguation: 


No. of employees = 10552 + .685 [Year - 1955] . Ree aa 978 
(43 20)0 2250) DW Lesek 
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Annual percentage rate of growth, 1962-68 and 1968 levels 


| TABLE VI 
| 


rae 1968 levels, millions, except 
| employees 


Total Expenses 


| Wages and 
| Salaries 


| Employees < 5 10,067 


Depreciation : - iia. 3 


TABLE VII 
Percentage rates of growth and 1968 levels 
Growth Rates 1968 levels (million $ 
except employees) 


Priv. radio 


Total expenses 
Wages & Salaries 
Employees 

Staff Benefits 


Riakis tas. Othe re tadient 
fees 


Performing rights 


| Films, tapes and recordings, 
| rental and purchase 


Telephone, telegraph, 
microwave and outside 
services 


ee 


As expected, the faster growth in private TV revenue is repeated in 
expenses. However, for both radio and TV, expenses have not grown as rapidly 
as revenues, which means that profits have increased more rapidly than revenues. 
Profit per dollar of revenue has also increased rapidly. For TV we see that 
artist and talent fees, performing rights and films, tapes, and recordings 
have been growing faster than for radio. Not only have they grown at faster 


rates, but film and tape rentals are also an important part of total TV expenses. 


@)s Capital 


DBS publishes data referring to gross and net fixed assets of the 
industry, in this case split into radio and TV categories but not into 
private and public (CBC) segments. Thus only the total capital series is 
comparable with the series for industry total revenue and expenses (see 


Table VIII). 


TABLE VIII 


Percentage growth rates and 1968 levels 


Gross fixed 


assets NAG 12.6 HOWs 3 21859 
Accumulated 

Depreciation poe. eS 46.4 96.8 
Net value of 

fixed assets 1a ae 7. 60.9 Lay's 2 
Book value of 

technical and 

studio equipment Loge 14.9 o6.7 146.1 


SPAM ple ee 


The more rapid growth in fixed assets, depreciation, and equipment 
for TV presumably reflects the heavy expenses associated with the introduction 
of colour television. This is reflected in the higher rate of growth of 
depreciation due to accelerated depreciation. Note that the faster growth 
of fixed assets in TV has occurred in spite of the fact that the number of 


radio stations has been increasing more rapidly than the number of TV stations. 


It is possible to get a rough idea of the trends in gross investment 
by subtracting 1962 assets from 1968 assets. Unfortunately, however, this 
yields an underestimate of the rate of investment since it ignores the 
scrapping of obsolete equipment J In Table IX we present the percentage 
increase in these assets over the six-year period and the average annual 
level of indicated gross investment in the period. The largest increases 
in the period occurred in 1966 where the change in assets exceeded the 


average by nearly 100%. 


TABLE IX 


Percentage increase in gross assets and average annual investment. 


1962-68 
Percentage increase Average annual investment 
Total fixed 
assets 98ac Oke, S Whe W 26.6 950 716 
Technical & 
studio 
equipment LiMbiks S WG 129.0 LSS 4.1 isin W/ 


1 compared with the data supplied directly by the Division of BUsiness and 
Finance of DBS, the average annual level of gross investment is somewhat 
(about 7.7%) lower than the figure in Table IX. See Table XV of Chapter II. 
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Again we see the higher rate of investment in technical and studio 
equipment of TV as a result of the purchases of colour equipment. In fact, for 
TV, almost 80% of the 17.6 million dollars total average investment 


is spent on equipment. For radio, equipment is about 45% of total investment. 


We have to do some aggregation in order to compute capitalysoutput 
ratios, since DBS presents revenue split into public and private, 
but presents capital stock data split into radio and TV. In Table X we 
use total radio plus TV capital and public plus private revenue. Revenue is 
advertising revenue plus non-advertising revenue plus the CBC grant. The incre- 
mental capitaY output ratio was computed using the total change in assets and 


revenue from 1962 to 1968. 


TABLE X 


Broadcast Industry Capital/Output ratios and their rates of change. 


Growth Rate 1960 — Capital / Incremental Capital - 
1962-1968 Output Ratio Cutput Ratio 


Gross capital 


Net capital 


Gross technical & 
studio equipment 


The capital/output ratios in Table X are much lower than those in 
telephone and telegraph industries. In part this is to be expected since in 
broadcasting the audience supplies a large part of the capital used te provide 


the service. While the telephone company supplies the telephone and the local 


waio6- 


loops for its customers, the TV viewer provides the receiver and antenna 
: 3 ; A Par : 
himself. Capital/output ratios have been rising as is shown by the growth rates 


in Table X 


Conclusions 


A scarcity of data has limited the analysis we have been able to 
undertake for the broadcasting industry. What data there are show that broad- 
casting is a rapidly growing industry, and that there are important differences 

between broadcasting and other sectors of telecommunications. We have seen 
that radio and TV differ in the makeup of their advertising revenue and in the 
mix of capital and other inputs. Perhaps the most interesting finding is 

that advertising expenditures for radio and TV time respond more quickly to 
changes in income at the national level than at the local level. Whether 

this reflects a greater control of expenditures at the national level or 

just inertia in local expenditures, however, must for now be left a matter of 


conjecture. 


Or he may subscribe to a cable TV (CATV) service. In 1968 there were 
377 CATV stations, an increase of 63 from 1967. 


Potential subscribers 


Subscribers 


‘adie ; Revenue 
along existing wire- 
line facilities 
1967 408,853 1225 (4:0 22,114,690 
1968 Se rey Gg hes) 1, O0G,D52 Sissy so 


Unfortunately, we can say little more about CATV since 1967 and 1968 are the 
only years for which DBS has published Community Antenna Television (catalogue 
no. 56-205). CATV is a very rapidly growing sector of the teleconmunications 
industry and has potential use as a two-way communications system which may be 
of great importance in data communications in the future. Within the context 
of a statistical background paper we cannot pursue this issue. 


Mure MANUFACTURING 


Introduction 

The suppliers of capital goods to the telecommunications 
sector are included by the Dominion Bureau of Statistics in two 
separate industries -- communications-equipment manufacturers and 
manufacturers of electric wire and cable. Both of these industries 
include suppliers and products which are not used by the telecommunications 
sector. For example, the products sold by the communications-equipment 
industry include telephone materials, domestic radio-receiving sets 
and record players, radio communication equipment for national defence, 
sonar equipment, and public address systems. Table 1 shows that in 
1967, 46% of the products manufactured by electric wire and cable 
suppliers was of the type used by telecommunications companies, while 
35% of the goods produced by the communications-equipment industry 
flowed to telecommunications companies. Although telecommunications 
carriers are major purchasers of the products of these two industries, 
other purchasers account for over 60% of their combined output. In the 
analyses which follow, however, we rely mainly on aggregate data for 
the manufacturers rather than on Pe products specific to telecommunications 
since most of the series needed are not segregated, and generally cannot 


be separated, according to the type of output. 


Input-Output Tables 
The 1961 Input-Output Table for Canada gives detailed information 
on the input mix for both Communicationstquipment and electric wire and cable 


An analysis of these tables is presented below in order to describe and com- 


pare the two industries. 
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One of the ways in which an input-output table describes the 
input mix of an industry is by estimating the effect on suppliers generated 
by an additional dollar of final demand for the industry's Bute deh 
generated demands on suppliers include the direct effects of the increase in 


industry final demand and the indirect effects which the increase in demand 


for each supplier has on all other suppliers. 


These direct and indirect derived demands are shown for both 
industries in Table 2 - The Impact Table. An increase, for example, of one 
dollar in final demand for communications equipment generates $.059 of business 
for base metal mines, taking into account the demand for base metal mines output 
directly generated by communications equipment manufacturers and the effects 
of the increased demand which metal stamping, iron and steel mills, aluminum 
rolling and casting, etc., have on base metal mines. An increase in one dollar 
of final demand for the wire and cable industry increases the economy's wage 
payments in wire and cable manufacture itself and indirectly through the 


increase in the wage bill for all the suppliers to wire and cable. 


Other than primary inputs, the major suppliers affected by an 
increase in final demand for equipment are ferrous and non-ferrous metals 
($.36), services ($.30), and manufacturing (.18 -- neglecting the impact 


on communications equipment and wire manufacturing). For wire 


1/ Of course, the relevance for the industry in 1969 or 1980 depends on 

the constancy of the technological coefficients which underlie any input- 
output table. Our analyses assume that input coefficients can be taken to 
be constant. Work presently in progress at the Dominion Bureau of Statis- 
tics will ultimately permit some analysis and projection of observed trends 
in the technological coefficients of the input-output table, and therefore 
some testing of this assumption. 
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TABLE 1 
Value of Shipments (Goods of Own Manufacture), Communications 


Equipment, Electric Wire and Cable Industries, 1960-67 
(millions of current dollars) 


As) 


Shipments % Wire and Cable Shipments % Comm. Equipment— 


2/ 


Wire and Cable Industry Shipments to Telecom. Comm. Equip. Ship. to Telecom. 


1960 
1961 
1962 
1963 
1964 
IGS 
1966 
1967 


161 Die PhS 40 
163 49 Zot 40 
AUSSI 46 SLL a3 
ABS He 49 361 39 
aed 48 402 Si 
274 oe 431 oT 
341 50 S07 35 
318 46 623 36 


1/ The electric wire and cable products sold to telecommunications companies 


are considered to consist of: 


telephone cables -- exchange, toll and toll entrance 

telephone wires insulated 

telephone switchboard wires and cables 

telephone cordage 

bare wires and cables (it is unlikely that the telecommunications 

power cable sector was the only purchaser of these 
products) 


2/ The communications equipment sold by this industry considered to flow to 


telecommunications companies consist of: 


telephone materials 
carrier current equipment (values for 1963-65 assumed to be 
average of 1960-62, 1966) 


Broadcast studio equipment should be included in the estimate of communi- 
cations equipment sold to communications carriers and radio and T.V. 
broadcast companies, In 1960, domestic manufacturers shipped $6.1 million 
of studio broadcast equipment (or 2.4% of these manufacturers' total 
shipments) while in 1967, 1.8% of shipments of communications equipment 
consisted of broadcast studio equipment ($10.9 million). 


Source: Wire and Cable: DBS, Manufacturers of Electric Wire and Cable, 


LI60=6775 


Communications Equipment: DBS, Communications Equipment 
Manufacturers, 1960-67. 


oT 
TABLE 2 


Impact Coefficients ($) for a $1.00 Increase in Final Demand 


Communications Wire and Cable 
Equipment 
imports encl. No Imports Imports Inc. No Imports 
(1) (2) (3) (4) 
Base Metal Mines s059 -038 .064 .042 
Printing-Publishing O17 BO Ls O17 -013 
Iron & Steel Mills OS. .020 .028 2-018 
Smelting & Refining -143 eS 154 wakes 
Alum. Roll. Cast. 2039 20:29 -049 O39 
Pooper Roli. Cast. -086 ASW GH U9) “USZ 
Metal Stamping BO22 =016 -O18 013 
Comm. Eq. & Wire Mfg. LZ f. 7990 1.099 ye 
Elec. Indust. Eq. -044 -034 -O28 s019 
Other Elec.,Prod. Ind ,057 e052 wO9 -008 
Plastic Resin Mfg. -024 <043 .024 013 
Other Chem. Ind. -032 O.L5 ROLE 2015 
Misc .eMig. ind. O27 sO .016 -010 
Construction <UL7 .014 sOLZ .014 
Wholesale and Retail Trade AVIS 5) -045 058 -045 
Transportation and Storage -044 035 -043 -034 
Communications 019 «OG .018 .01'5 
Utilities .024 .018 .024 -018 
Pri. ensur. Rl. Est. -049 -042 -049 -042 
Other Services -b16 wl 2 -016 <Ule 
Advertising and Travel 033 -028 2OSL -026 
Operating Suppl. .058 .048 -05c -048 
Snir. ik. Gov. Ser: -026 ,O22 2026 O21 
Wages and Salaries mISiSy -570 Ooi Sone 
mNet Inc. Unincorp. 2023 -018 ACP) -018 
Surplus - 288 a232 2200 2a33 
Import Coefficient 334 -058 
. 
Source: DBS Catalogue No. 15-502 (1961), Vol. 2, Table 15 -- Impact Table 
| Without Import Leakages and Table 16 -- Impact Table With Import 


Leakages. 
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TABLE 3 


Impact of $1.00 Increase jin Final Demand 


Communications 
Equipment Wire and Cable 
No Imports TNpOL TSR AncL, No Imports Imports Incl& 

Wages & Salaries $.66 SWS y, $.66 Sep 7 
Surplus and net income 
unincorporated business $.31 p's) Syor S25 
Indirect Taxes $.03 5.02 $.03 $102 
Metals $.36 $.29 $.40 2.81 
Manufacturing $.18 $14 S210 S205 


Services S 130 Sia See Soo AS 


oe Ag he) i 


and cable producers, an additional dollar of final demand generates 
direct and indirect demands of $.40 worth of ferrous products, $.19 of 
service inputs and $.10 of manufactured materials. Each industry 
generates $.99 of demand (direct and indirect) for primary inputs 
(labour, surplus, and indirect taxes). 

The Canadian economy is not a closed one. Therefore, the 
above measures of the demand generated by an increase in the final demand 
for equipment and wire and cable which neglect the direct imports of 
equipment for final demand and the indirect imports of supplies used 
in the manufacturing of equipment and cable overestimate its true impact 
on domestic suppliers. Columns (2) and (4) of Table 2 give the impact 
coefficients including import leakages for communications equipment and 
wire and cable, respectively. For equipment manufacture, $.33 of each 
dollar spent on final demand goes directly to foreign suppliers, while 
$.06 of each dollar of final demand for wire and cable products goes 
directly to foreign producers. Including direct and indirect import 
leakages reduces the income flows to wage earners from $.66 to $.57 
for both industries. Table 3 gives summary statistics on the impact 
coefficients for both industries, with and without import leakages. 
As can be seen from that table, wire and cable manufacture uses relatively 
more metals inputs and less manufactured inputs than does communications 
equipment production. A substantial proportion of the direct and indirect 
non-primary inputs to both industries is imported. For example, nearly 


20% of the services used in production for these industries is imported. 
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While input-output analysis gives us great detail on the 
operations of the industries in one year, input-output analysis cannot 
describe the changes which occur over time in any one industry. We 
now turn to a brief description of the trends in communications 


equipment and wire and cable manufacturing. 


General Trends 

As can be seen from Tables 4 and 5, the two industries exhibited 
different growth patterns over the period 1957-1968. Shipments of 
communications equipment increased 246% over the period while wire and 
cable shipments doubled. The total number of employees increased by 
only 11% in the wire and cable industry but by 90% in communications-— 
equipment production. Average labour productivity trends, however, do 
not show such a wide divergence between the two industries. Between 
1957 and 1968, the value of shipments per employee increased 82% in 
equipment manufacturing and 70% in wire and cable. For the period 
1961 through 1968, shipments per production worker rose by 50% in 
wire and cable and by 45% in equipment production. Although the ship- 
ments of the communications equipment industry grew twice as fast as 
the wire and cable industry, equipment"s demand for labour also grew 
faster than the labour requirements in the wire and cable industry, 
with the result that the change in labour productivity was similar 
for both industries. 

These two tables suggest different production techniques for 
the two industries. While total wages and materials account in 1968 
for 17% and 64%, respectively, of the total value of shipments for wire 


and cable producers in that same year, total wages amount to 37% and 
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materials 42% of the value of shipments for communications equipment 


2/ 


manufacturers.— The production process in wire and cable manufacture 
uses relatively more materials and less labour than in equipment 
a , c : ; 

manufacture.— The relative difference in the use of labour can be 
seen by the value of shipments per worker (1968) -- $39,000 in wire 
and cable as compared to $15,600 for communications equipment. The 
wire and cable industry appears also to be more capital intensive 
than the production of communications equipment since total wages 


are 50% of total value added in wire and cable production and 62% 


in communications equipment production. 


Different Size Classes -- Trends in the Average Plant 

Since 1961, DBS has published data for both industries for 
individual plants grouped into nine (9) different size classes, using 
four different bases for grouping -- value of shipments, number of 
employees, manufacturing value added and total value added. Tables 


@ and 7 list the size classes and the number of plants (establishments) 


2/ The two different industries use very different materials inputs. 
Classifying raw materials as all-aluminum, copper, iron and steel, lead, 
lacquer resins and rubber-semi manufactured products used, raw materials 
account for 18% of material requirements for communication equipment 
manufacturers and 88% for wire and cable producers. 


It is interesting to note that the impact table (Table 1) shows a similar 
impact on direct and indirect wages of an increase in final demand for 

both industries, although the direct wage component of total production 

costs differs substantially. Two hypotheses can explain these facts. One,the 
wage component of production is different for the products sold as final 
demand and the products sold as intermediate goods. Second (and more likely), 
the wage component of the materials used is similar to that in communications 
equipment 


3/ The division of employees between production workers and other types of 


employees is similar in both industries with the ratio of production to 
other employees being approximately 2:1. 
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TABLE 7 
number of establishments grouped according to size of shipments, wire & cable 


1960-61, grouped according to selling value of factory shipments 
1962-67, grouped according to shipments of goods of own manufacture 


Value of Shipments 


under > 00,000) $1,000,000 $5,000,000 
year $200,000 $999,999 $4,999,999 and over total 
1960 4 6 10 8 28 
rn) 
1961 5 12 8 he) 
1962 4 10 10 24 
1963 3 10 La 24 
1964 3 Tt aL 25 
ts 
£965 ee is 25 
(@ 
1966 12 aS) 2 
tt 


1967 s) 10 16 29 
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in each size class for communications equipment (Table 6) and wire and 
cable manufacturers (Table 7) . 

It was noted earlier that the value of shipments in the 
communications equipment industry grew by 246% between 1957 and 1968. 
Between 1957 and 1968, the number of plants in this industry grew from 
129 to 178 or 38%. This change in the number of establishments, however, 
was very different for the small as compared to the large size classes. 

The number of establishments below $1,000,000 in sales grew from 102 
to 109. The great change in the number of plants therefore occurred 
in the two largest size classes, increasing in the period 1960-1968 
from: 29 “0 269 plentse4 

In the electric wire and cable industry there were 29 plants 
in 1967 as compared to 28 in 1960 and 24 in 1957. The number of plants 
in the two largest size classes, however, grew from 18 in 1960 to 26 in 1967. 

In any industry the growth which we observe in aggregate data 
such as in Tables 1 4 and 5 consists of a complex pattern tor change 
both in number and in size of plants. Industries may grow through the 
expansion of existing plants or an increase in the number of plants or 
some combination of the eee An ideal analysis would require data on 
individual plants, their birth, growth, and death. Unfortunately, however, 


such data was not available for this study and as a result, the conclusions 


4/ These figures overstate the amount by which these size classes grew 
in real terms. Inflation would increase the value of shipments for 
any given plant, even if there was no increase in real output. Some 
of the movement, although an unknown amount, into these two size 
classes is therefore due to inflation. 


5/ Besides entering an industry, plants also can exit. Industry growth. 
is a sum of the individual plants entry, exit and growth. 
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we draw from our analyses must be accepted with more than the usual 
grain of salt. Accordingly, the inconsistencies and biases resulting 
from the use of grouped data rather than data for individual plants will 
be mentioned wherever they are thought to be important. 

The two industries in which we are interested exhibit different 
growth patterns not only in aggregate series such as the value of 
shipments, but also in changes in relative size and numbers of plants. 


An analysis of these changes follows. 


Communications-Equipment-Changes in Plant Scale 


In Table g@ data relating to the largest size-class ($5 million 
in shipments and over) are presented for the period 1957-1968. Although 
this class increased its share of the total output of the industry from 
69% in 1957 to 74% in 1967, the average plant (total shipments of the 
class/number of plants in the class) in this size-class experienced a 
decrease in its relative share of industry output (from 34% in 1957, to 
18% in 1968). As noted in footnote 4, however, these figures overstate 
the amount by which their size-classes grew in real terms, since inflation 
would increase the value of shipments for any given plant, even if there 
was no increase in real output. Some of the movement, although an unknown 
amount, into these two size-classes is therefore due to inflation. 

If all plants in the largest size-class are equal to the average 
size of that class, then one plant would provide over 8% of the total 
imaustry salessin 1957n(or $17,100,100), andsonly 4%. (or $20,900), 000) 
in 1967. The second largest size-class increased its share of the market 
from 12.6% in 1957 to 18.3% in 1967, with the average size of a plant in 


this category virtually doubling over the period, going from $1,153,000 
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to $2,292,000. The largest two classes accounted for 81.6% of factory 
shipments and 17% of the number of plants in 1957 and 92.3% of shipments 
and 34% of the number of plants in 1967. 

The increase in the number of plants in this industry occurred 


in these two large size classes. Entry into these two classes 


could have occurred either through the construction of new plants of 
these sizes or through the growth of existing smaller plants. Since 
the average plant in the largest size-class fell in relative size, 
most new plants must have been constructed at a smaller scale than 
that exhibited by the largest plants in existence in 1957 and the 
average entrant (through construction or growth) into the largest 
Size-class must also have been of a smaller scale than the large 
plants of 1957. Between 1957 and 1960, two plants entered the largest 
Size-class. If these two plants had entered into this size class at 
the smallest size possible i.e. $5 million in shipments, the two would 
have accounted for 4.5% of industry output. Therefore as a minimum 
estimate had there been no growth in the industry, the top four plants 
would have produced 39% of industry output in 1960 versus 34% for the 
top 4 in 1957. Since the largest 4 plants actually accounted for 29% 
of output in 1960, rather than 39%, the largest plants must have grown 
less rapidly than the industry as a whole. 

Between 1957 and 1967 ten plants entered the largest size 
class, and the share of total shipments of this class increased by 5%. 
If all ten entering plants were at the minimum size of this class in 
1967 or $5,000,000 in shipments each, they would have provided nearly 


10% of industry output. Had the original eight members of this class 
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retained their relative share of industry output the total class would 
have accounted for 79% of total output in 1967 whereas they only provided 
74%. We can therefore conclude generally that the plants in the largest 
size class in 1957 did not grow as rapidly as the industry as a whole. 

In fact, the largest plants in existence in 1957 grew at an annual 
average rate of 10.4% per annum (assuming all entrants to the largest 
size class were of the minimum size) as compared with an annual growth 
rate of the industry as a whole of 18.1% in this same period. This 
evidence does not of course show that the largest plants exhibited 
diseconomies of scale in this period. Growth rates of over 10% a year 


are certainly no evidence of diseconomies. 


Wire and Cable -- Changes in Plant Scale 


A similar analysis can be carried out for the electric wire 
and cable industry. Table 8 shows that, although the average size in 
the largest size-class grew, it also grew less quickly than the industry 
average. While the number of firms in this size class doubled, the 
share of industry total shipments accounted for by this size-class only 
grew from 86% to 92%. Therefore, the entrants to this size-class were 
at a smaller scale than the average size of the eight plants in existence 
in 1957. The remainder of the plants outside the largest size-class 
had a decrease in their output from 14% of the industry total to 8%. 
Since the number of plants with shipments less than $5,000,000 decreased 
with the period, it would appear that the minimum size plant necessary 
to remain in the industry is $5,000,000, with the average-sized plant 


in this largest classification shipping 6% of industry output or $18,000,000. 
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Multiplant Operations 


In 1967, there were 6 multiplant firms in the communications=- 
equipment industry, owning 22 plants in total as compared with 5 
multiplant firms controlling 10 plants in 1957. Data are(not “available 
which would allow us to estimate the economies of scale or the concen- 
tration of output on the firm level for these 6 Firmen All that can 
be said. 2% 7 this regard is that the multiplant firms introduced 
new plants at a rate faster than that of the industry as a whole and that 
no firm reduced the number of plants it owned. 

In 1968, three firms - Canada Wire and Cable, Phillips Cable 
and Northern Electric controlled 13 plants, or 46% of the wire and 
cable industry total, the same percentage which the first two firms 
owned in 1957. While Northern Electric and Phillips each increased the 
number of plants owned, Canada Wire reduced its number of plants. 
Again, due to lack of data, analysis of the volume of output accounted 


for by the multiplant firms can not be undertaken. 


Plant Production and Requirements Functions 


In the chapter on the productive characteristics of tele- 
communications common carriers, production functions, and requirements 
functions were estimated from industry data. To remain consistent 
with that chapter, the same types of functions should be estimated for 
the manufacturing inputs as well. Unfortunately, however,the required 


data on capital services are not available and our attempts to derive 


6/A description of the share accounted for by Northern Electric Company 
in both industries will be given in a later section. 
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labour requirements functions based on the cross sectional date over 
Size classes, published by D.B.S., proved unfruitful. We therefore 
rely completely on the input-output approach to estimate the contri- 


bution made to production by the different factor services available. 


The Large Firm 

The two major suppliers of communications equipment are 
Northern Electric (100% owned by Bell Canada) and Automatic Electric 
(100% owned by General Telephone, whose other manufacturing subsidi- 
aries in Canada are Lenkurt and Sylvania). 

Northern Electric was established as a subsidiary of Western 
Electric in the early 1900's. In the mid-1920's Bell Canada purchased 
49% of Northern Electric and until 1950 Bell remained a minority share- 
holder in Northern. In 1956, the Federal Trade Commission ordered 
Western Electric to abandon its dealings with companies which were not 
members Of the A.T. & T. network, and Western Electric sold its 51% 
share in Northern to Bell Canada. Northern as a private company does 
not have to provide data to the public; since 1963, however, the company 
has published an annual report, and this is the basis for the data 
used in analyzing its share of the market. 

Between 1961 and 1967, Northern Electric increased its sales 
of goods of own manufacture by 100%, whereas the two industries in which 
it operates saw an increase in output in the same period of 126%. Table 10 
gives various estimates of the share of Northern Electric in the commun- 
ications -equipment and wire and cable markets. Column (6) gives Northern 


Electric sales of own manufactured goods as a percentage of the value 
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of shipments of goods of own manufacture, for the two industries. This 
percentage declines from 41.6% in 1960 to 36.8% in 1967. If the 

relevant market to Northern Electric is considered to be the telephone- 
equipment market (as measured by DBS) then Northern's share of the 
combined telephone-equipment and total electric wire and cable markets 

is 65.9% in 1960 and 55.1% in 1966. The 1968 Northern Electric report 
lists the products manufactured by Northern as including telecommunications 
wire and cable and power wire and cable in the wire and cable category. 
Nortern's share of the combined telephone-equipment, telecommunications~— 
wire and cable, and power-wire and cable market falls from 94% in 1960 

to 83% in 1967. By whatever basis we measure Northern Electric's market, 
its share of the market fell substantially in the 1960's. This evidence 
is entirely consistent with the preceding analyses which showed a rate 


of growth for the largest plants which was less than the industry average. 


SUMMARY -- Size, Economies of Scale 

Concentration 

The communications-equipment and electric wire and cable 

industries are highly concentrated both on a plant and firm level. 
Estimates in an early section indicated that the largest four plants in 
the communications equipment industry produced in 1967 at least 16% 
of industry output (if all plants in the largest size class were of 
equal size) and possibly 60% of output (7 all plants but the four largest 
produced $5 million in shipments). Eighteen plants in 1967 produced 74% 
of industry output. In the wire and cable industry, 16 plants produced 


91% of industry output with the four largest producing a minimum of 24% 
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and possibly 70%. Multiplant firms exist in both industries toa 
Significant degree. While data could not be obtained on the operations 
of these firms, the largest firm,Northern Electric ,accounted for 37% 

of industry output in 1967 and possibly up to 83% of the output sold 
only to telecommunications carriers in that year. 

While economies of scale are evident, at least from data on 
the growth rate of different size-classes, the shares of the largest plants 
and firms nevertheless appear to be falling. Economies of large 
size (which -- again, from the available data -- do not become diseconomies 
at the largest size), are therefore insufficient to prevent either new 
entrants or the growing smaller plants (and firms) from competing with 
the largest plants (and firms). 

The conclusion that barriers-to-entry in the communications- 
equipment and wire and cable industries are minimal cannot be drawn with 
the available evidence. A complete discussion of the barriers-to-entry 
would include an analysis of the cost curves of various size plants in 
order to estimate the profitability of different sized operations. The 
evidence suggests less rapid growth on the part of the large medium-sized 
plants. It may well be true, however, that the largest plants continue 
to produce the most profitable items, while the more rapidly growing 
sectors of the market involve only marginally profitable products. 
Furthermore, the manufacturers who produce for the telecommunications 
market are a subsector of communications-equipment and wire and cable 
industries. While concentration is higher in this subsector than in 


either communications equipment or wire and cable, we cannot conclude 
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that economies of scale are either present or absent since a comparison 

between Northern Electric and its competitors has not been possible. 
Hence, even our weak conclusions on scale economies 

in communications equipment and wire and cable cannot be applied to 

the subsector of these industries which manufactures strictly for the 


telecommunications market. 


CHAPTER VIII 


Vit. PROJECTIONS 


1. Introduction 


In this chapter we employ the statistical relationships estimated 
above to develop projections of certain key quantities in the telecommunications 
industry for the years 1975 and 1980. In particular, projections of revenue, 
labour, capital, and investment are given for each of the separate sectors -- 
telephone, telegraph, broadcasting, and also for Bell Canada. Where possible, 
projections are made for separate components of revenue, capital, and invest- 


ment. All projections are in real terms. 


As suggested in the flow chart of Chapter I, we begin with a set 
of real output projections. These are based upon the demand functions estimated 
in Chapter III, together with some assumptions as to future real GNP increases 
and price movements. Taking these projected output measures, we use the 
equations of the investment chapter to calculate gross and net investment for 
each sector for each year between 1968 and 1980. The sum of these net invest- 
ments over time for a single sector represents the change in its capital stock 
from 1967. In the production chapter, functions relating output to inputs and 
technological change variables were introduced. We use these production 
functions, taking output as projected from the demand functions, and capital 
as developed from the projections of the investment chapter, together with 
appropriate assumptions as to the rate of growth of technology, to estimate 
the labour force in 1975 and 1980. The projections of investment demands for 


all three sectors -- telephone, telegraph and cable, and broadcasting -- are 
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then added together for each year to yield an estimate of the final demand 

for investment goods in any year. Calculating the construction component 

of this investment then allows us to estimate the derived demand for communi- 
cations equipment and wire and cable manufacturers. Deducting the projected 
inports of telecommunications equipment then leaves the 1975 and 1980 output 
of domestic communications equipment and wire and cable sold to carriers and 
broadcast companies, the production of semi-manufactured materials, and the 
provision of primary factors. In this way we trace the impact of the final 
demand for output of telecommunications services back onto the input require- 
ments of the telecommunications services sector itself, and through the com- 
munications equipment and wire and cable producing sectors (after deducting 
imports of these final product) to the inputs of domestic primary factors made 
necessary by the need to supply the telecommunications sector. So far as we 
can presently take it, our analysis of the impact of the communications sector 


on markets for labour and capital in Canada is then complete. 
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2. Demand projections 


In order to make projections to 1980 it is necessary first to 
make assumptions about the growth paths of income, prices, and population. 
Independent estimates of income and population growth are beyond the scope 
of this study, but have been undertaken elsewhere; in particular, the Economic 
Council of Canada has made such estimates in its 1969 report Perspective 1975. 
The Council predicts 5.5% per annum real growth in GNP to 1975 and we have 
accepted this optimistic estimate. For the period 1975 to 1980 we have been 
somewhat more conservative, assuming a real growth rate of 5.0% per annum. 
Where an absolute price level is necessary we have assumed inflation of 2.0% 
per annum in the GNP deflator. For projections from equations which use 
measures of income other than GNP (e.g. PDI or PCE), we have assumed that 


these grow at the same rate as GNP. 


The Economic Council has based its GNP estimates on a rate of 
growth of population of 1.7% per annum to 1975. We have assumed that this 


rate will continue to 1980. 


Assumptions about the trends in prices of telephone services are 
more difficult to make. In the period 1960 to 1967 there were no changes in 
Bell Canada's local service rates and there was a decrease in long-distance 
rates that averaged 1.7% per annum. Bell has recently applied for an 
increase in local-service rates, so the 1960-67 period is not representative 
of the future. We have assumed that on the average over our forecast period 
local-service rates will increase at 1% per annum and that long-distance rates 


will decrease at 1% per annum. Since we have assumed that the GNP deflator 
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will rise at 2% per annum, our assumptions imply that the price of local 
service relative to other goods and services will fall at 1% per annum and 
the relative price of long-distance service will fall at 3% per annum. In 
equations estimating total telephone revenues, we used a weighted average of 
local and long-distance rates (.55 for local and .45 for long-distance) which 
results in a composite relative price declining at 1.9% per annum for total 


telephone. 


Using the assumptions just stated, the demand for telephone 
service and various of its components in 1967 dollars is projected at the 
levels shown in Table I. These projections show telephone continuing to be 
a rapidly growing industry, with long-distance revenues growing at a more 
rapid rate than local revenues in the future as they have in the past. Since 
we have assumed long-distance rates to fall 2% faster than local rates, with 
compounding this amounts by the end of the period to a cumulative 29% fall in 


long-distance rates relative to local rates. 


In order to see how sensitive our projections are to the GNP and 
price assumptions employed, we recalculated the forecast for total telephone 
on the basis of some "pessimistic" assumptions. Our "pessimistic" GNP 
assumption allowed only 4.5% growth per annum to 1975 and 4.0% thereafter. 
The "pessimistic" price assumption allows the relative price of telephone 
service to fall at .9% per annum rather than 1.9% per annum. Substitution 
of the pessimistic GNP assumption alone results in a reduction of 162 million 
dollars per year in our 1980 revenue prediction and the pessimistic price 
assumption alone lowers the 1980 prediction by 145 million dollars per year. 
When both pessimistic assumptions are used together, predicted 1980 revenues 


fall by 307 million 
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TABLE I 


Projections for the Telephone Industry (millions of 1967 dollars unless 


otherwise indicated) 


Total revenue 
Local revenue 
Toll revenue 
Total Capital Stock 
Stock of equipment 
StocksOL construction 
Number of employees ('000) 
Manhours (million) 
Total investment 
Net 
Replacement 
Investment in Equipment 
Net 
Replacement 
Investment in Construction 
Net 


Replacement 


1967 
(actual) 


1164 
612 
461 

4295.6 

2120.0 

1569).6 

68.0 
108.8 
S620 


446.1 
le 
398 5.0 
Sh228 


1975 1980 


3110 
1489 
1344 


S865oL 
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143.3 
1184.3 
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41352 
Sof 
DLS 
PA SEES) 
339.4 
Pp a eS 
ily s°) 


eqn. 


used in 
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We have also projected total Bell Telephone revenue using 
equation (18) of Chapter III. Our procedure assumes that Ontario and 
Quebec income will grow at the same rate as national GNP and that the 
relative price for Bell services will fall by 1.9% per annum. Our projections 
(see Table II)suggest a total revenue for Bell of $1244 million in 1975 
and $1681 million in 1980, compared with the actual value of $702 
million in 1967. The projections imply that Bell's share of total 
telephone industry revenue in 1980 will decrease somewhat from its 1967 
level “(54i1% inel9s0 vs2s60. 33 2n2i19G/). 

We see from Table III for the telegraph and cable industry 
that telegraph revenues are also projected to grow rapidly, though at 
a somewhat slower rate than telephone. 

For the broadcasting industry, we have projected total 
advertising revenue using equation (1) of chapter VI. This equation 
was estimated using current dollar GNP which we assumed would grow at 
7.5% to 1975 and 7.0% thereafter. We then deflated the estimates to 
1967 dollars, by assuming that inflation in the broadcast industry will 
proceed at 2% per annum. Broadcast revenues are projected to rise from 
200) mal Lions nel967+ to 3 25"msi bbtonytns1 97 Sand toes emi onsite 
(all 1967 dollars). This estimate, however, somewhat underestimates 
the importance of the sector since it excludes non-broadcasting revenue 
and government grants. While both of these components have been rising 
faster than advertising revenues, we are reluctant to assume that this 


trend will continue in view of the government's present and prospective 
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TABLE IT 


Projections for Bell Canada (millions of 1967 dollars unless otherwise 


indicated) 
1967 
(actual) 
Total revenue 70536 
Total capital stock 2464.5 
Number of employees (000) 36N8 
Manhours (million) 58.4 
Total investment 5B25 0 
Net 259.9 
Replacement DO. 7 


Investment in equipment 


Investment in Construc- 
tion 


ih he 


1245.0 
S7 Osis, b 

43.8 

1052 
CLS 2 
493.8 
LZ so 
432.2 
LO3 25 


1980 


1681.4 


8569..7 
48.6 
1343 

T13 oo 
592.50 
183.5 
Dae. 
25223 


equations used 
in projection 


eq.19;, 


* Values calculated using the proportions recorded for the 


telephone industry as a whole. 
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stance on inflation. Consequently, we have assumed that the 
proportion of total revenue that grant and non-broadcasting revenue 
contribute will remain at the 1968 level. Thus, we project total 
broadcast industry revenue in 1980 to be 756.9 million 1967 dollars. 

To project the capital stock in 1980, we began with the 
observations that in 1968 the industry had a gross capital-output ratio 
of 1.154 and that this was rising at 1.0% per annum. We then projected 
a cCapital—-output ratio of 1.30 ain) 1980e In 1968, the ratio of tecmnicar 
and studio equipment to output was .699 and was rising at 1.7% per 
annum. Assuming this trend to continue, we therefore project an 
equipment - output ratio of .85 for 1980. Taken together these assumptions 
yield a ‘gross capital stock in 1980 of/984 million 1967 dollars, or 
which 643 million is projected to be technical and studio equipment. 

In the period from 1962 to 1968 we estimated the average investment at 
$26.6 million annually, of which 17.8 million is in technical and 

studio equipment. The total capital stock and stock of equipment at 

the end of this period were 321 and 203 million dollars, respectively. 
Assuming that the ratio of average investment to capital stock will 
prevail in the projection period we project an average annual investment 
of 81.5 million 1967 dollars of which $56.4 million is for equipment. 


Table IV sets out these estimates for the broadcasting sector. 
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TABLE LIT 


Projections for Telegraph and Cable Industry (millions of 1967 dollars unless 


otherwise indicated) 


1967 equations used 
(actual) in projection 


Total revenue Ge a hee HS 
Scock Of Capital Chey Vv 
Number of employees (000) ; ; Chine ely 
Total investment ee a AY! 
Net {. chy Vv 
Replacement é Chivay, 
Investment in equipment the total 


Investment in construc- the total 
tion 
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TABLE IV 


Projections for the Broadcasting Industry (millions of 1967 dollars unless 


otherwise indicated) 


1968* 1975 1980 | equations used 
in projection 


Total revenue 209.9 + 
Advertising revenue 161.2 equ, lin Chiaves 
Non-broadcasting revenue S37 Lec + 

Capital stock “e 
Technical and stu- + 

dio equipment 
Total investment + 
Inv. in technical + 


and studio equip- 
ment 


* in current dollars 


+ see text. 
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3. Capital and Investment projections 


Projections of flows and stocks of capital have been undertaken 
separately for telephone, telegraph and cable, and Bell Canada by employing 
the equations estimated in the text of Chapter V. For output, we have used 
actual revenues for 1965-67 and projected revenues from 1968 to 1980. Thus 
the assumptions adopted in projecting revenues directly affect our projections 


of investment outlays and stocks of capital. 


From the figures in Table I we see that the telephone industry is 
projected to continue to expand its capacity steadily in the next decade or 
so, but at a considerably slower rate than that between 1950 to 1967. Invest- 
ment outlays measured in constant (1967) dollars are projected to rise from 
$582 million in 1967 to $974.8 million in 1975 and $1,184.3 million in 1980, 
implying an average rate of increase of 4.7% per year as compared with the 
7% which prevailed in the 1950-67 period. Since about two-thirds of capital 
eXpenditures in this industry go into expansion in capacity as distinct from 
replacement, the capital stock of this industry measured in constant (1967) 
dollars is projected to swell from $4.296 million in 1967 to $12.925 million 


in 1980, a three-fold increase. 


To estimate the composition of flows and stocks of capital for the 
telephone industry, we have projected its two components independently from 
equations (2) and (3) in Chapter V. We find that while investment outlays 
on both the machinery and equipment category and the construction category 
will grow continuously, equipment outlays will outpace construction, reflecting 


a continuation of the gradual shift of investment outlays from construction to 
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equipment already occurring. For instance, investment on equipment and 
machinery is projected to be $840 million in 1980, which is 71.2% of the 
total capital outlays in that year, compared with 70% for 1975 and 65.4% 
for ploG7.. 

Total capital formation by Bell Canada in 1980,measured in 1967 
dollars, which has been projected by using the Bell investment equation 
[equation (4) in Chapter V], is projected to be about $776 million. This 
value suggests that Bell will expand its capacity roughly at the same rate 
as does the telephone industry as a whole and thus that Bell's share in the 
indsutry's demand for capital goods will be stable at about two-thirds of the 
total. It is interesting to note however, that Bell is projected to spend a 
larger proportion of its investment for expansion than the industry as a whole. 
Consequently, the projected rate of growth in capital stock for Bell is slightly; 
above that for the industry. Available information does not permit us to make 
independent estimates of the composition of investment outlays for Bell Canada 
as we did for the telephone sector as a whole. The split was obtained simply 
on the assumption that Bell, being two-thirds of the industry, will reflect the. 
same division in investment outlays as is observed for the industry as a whole. 
In this case, $423 million of 7.12% of the total investment outlays will be 
spent on equipment by Bell in 1980. 

Projections for the telegraph and cable industry have been obtainea 
from equation (5) in Chapter V. From Table III it is seen that investment 
outlays measured in 1967 dollars by this industry are projected to continue to 
increase in the next decade to $55 million, nearly double that in 1967. On the 
average, investment outlays by telegraph and cable are projected to grow 
slightly more rapidly than for the telephone industry; on the other hand, 


telegraph is projected to devote relatively more investment to replacement than 
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that for the telephone industry. This seems quite reasonable in the light of 
the fact that telegraph and cable has much older plant than telephone. As was 
the case with Bell Canada, we are unable to make independent estimates of the 
split in investment between equipment and construction. Therefore, what we have 
done is to assume a split based on the average distribution of the projected in- 
vestment for the telephone industry for the period of 1968-80, 70% for equipment 
and 30% for construction. 

4, Labour projections 

To project the labour requirements for Bell Canada we use the value - 
added production function equation (6) in Ch. IV, since this equation has the 
best theoretical and statistical properties of the equations estimated in that 
chapter. 

The equation shows value added (V) as a function of labour (L), capital (K) 
and the percentage of calls dialed by the customer (D). To project labour inpu 
requirements it is therefore necessary to have projections of V and D. Revenues 
and the capital stock have already been projected. Consequently the additional 
information needed is an estimate of raw materials costs and indirect taxes in 
future years, and the growth rate of the technology variable (D,)- Raw materials 
and indirect taxes amounted to 19% of constant dollar revenue in 1967 and 24.7% 
in 1952. We assume that raw materials plus indirect taxes will amount to 15% of 


revenue in 1975 and 13% in 1980. The index D the percentage of toll station- 


t! 
to-station calls dialed by the customer, grew at an average rate of 4.75% in the 
period 1952-67. If this rate of increase were to continue until 1980, this index 


would be 95% in that year ,suggesting that nearly all residents will have direct 


distance dialing facilities available to them. Since this figure seems rather 


’ The version of equation (6) employed in these projections is that based on the 


original revenue series calculated by Olley, op.cit., rather than on the revenue 
series deflated somewhat differently, from which equation (6) of Ch. IV was 
finally estimated. 


oye 


high, we have decided to lower the assumed rate of increase of dD, ton2. 50¢ 
per year over the forecast period. At this rate of growth, dD. rises to 66.5% 


in ylo7/5eand 75.2% .inslo8o, 


In 1967, Bell employed 58.4 million manhours. Our projections show 
that the number of hours worked will grow at 1.18% per annum to 1975 and at 
1.62% per year between 1975 and 1980, with the number of manhours worked being 
70.2 million in 1975 and 78.3 million in 1980. In 1967, the average employee 
worked 1600 hours per year. Assuming that this figure will remain constant, 
we thus project there to be 43,800 employees in 1975 and 48,600 in 1980. 

The number of manhours and employees in the telephone industry as a 
whole has been projected in two ways: (1) by using the Bell value-added equation 
(6), combined with projections of industry value-added and industry capital 
and (2) by simply increasing the Bell employee projection by the ratio of 
total industry employment to Bell Canada employment for 1967. The two methods 
yield nearly identical results. 

Since the Bell Canada value-added production function is statis- 
tically the best production function estimated and since no evidence was un- 
covered to suggest that this production function could not be used to describe 
industry aggregate behaviour, our projections of industry employment use this 
equation. The estimates of revenue and capital stock are taken from preceding 
sections of this chapter. Raw materials and indirect taxes are assumed to be 
17% of industry revenue in 1975 (slightly higher than Bell Canada) and 14% in 
1980. The technology trend term Dis is expected to grow at the annual rate of 
2.50% per year (the same rate as for Bell Canada). 


On the basis of these assumptions, the number of manhours worked in 19% 
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is projected to be 130 million and in 1980 to be 143 million, compared with 

an estimated 109 million in 1967.1 Total manhours are therefore projected to 
grow at an annual rate of 2.4% between 1967 and 1975, and 2.1% between 1975 and 
1980.2 The number of employees, estimated by dividing the number of manhours by 
the total annual hours per employee (1600 hours), is 119,100 in 1975 and 143,300 
in 1980. As was suggested, projections of total future telephone employment 

can also be obtained by adjusting the estimates of Bell hours worked by the 
ratio of total employees to Bell employees in 1967. This technique leads to 
estimates of 129 million hours in 1975 and 145 million hours in 1980 for the 


total telephone industry. 


The labour force projection for the total number of employees in 
the telegraph and cable sector is made by using equation (19) of Chapter IV. 
This forecasting equation estimates the number of employees directly as a 
function of revenue, time, and the percentage of revenue from non-transmission 
sources. In addition to the revenue estimates for telegraph made earlier in 
this sector, we must project the percentage of revenue from non-transmission 
sources. In 1967 transmission revenue was 60% of total revenue. We project 
this percentage to grow to 66% in 1976 and 70% in 1980. The total number of 
employees is projected to reverse its downward trent and rise to 9,200 in 


#975 and 9,600 in 1980 from 8,900 in 1967. 


a 
This 1967 value for manhours is estimated by multiplying the number of 
employees by 1600 hours per employee. 


2 The rate of growth projected for industry employment is higher than that for 
Bell Canada alone because our previous projections suggest that Bell will have 
higher capital stock growth and lower output growth than the total industry. 
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The impact of the projected investment outlays by the industry on the 


Ganadian Economy in 1980. 

In this section, the projections of the investment demands 
on machinery and equipment (including wire and cable) are added together and 
their impact on the Canadian economy in 1980 is discussed. 

The 1968 output (in 1968 dollars) of communications-equipment 
manufacturers was $675,000,000, while wire and cable producers shipped 
$323,000,000 worth of products. The Canadian Electrical Manufacturers 
Association has forecast that communications equipment shipments (including 
imports) will increase by 10.4% (8.9% in constant dollars) per annum, and 
that wire and cable shipments (including imports) will increase at a rate of 


a 


8.0 per cent (6.5% in real terms) per annum up to 1975. 

Projecting the constant dollar value of domestic shipments in 
1950 for both these industries using the annual rate of increase forecast by 
the C.E.M.A. yields shipments of $1,880,000,000 for communications equipment 
manufacturers and $688,000,000 for wire and cable producers in 1980. 

We take as our 1980 final demand estimate, for these two industrie 
combined, the projection of constant dollar investment (less construction) mad 
earlier in this chapter for telephone ($840 million) telegraph ($36 million) 
and broadcasting ($54 million) or a total of $930 million. Before estimating | 
the impact on domestic producers resulting from this projected expenditure, 
however, the amount of this investment which is directly met by imports must 


be deducted. Two estimates of the direct import content of final demand are 


i 
d 


1 canadian Electrical Manufacturers Association, Goals to 1975, (Toronto, 1970) 
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TABLE V 


Impact on Domestic Equipment Producers of the 1980 


Projected Investments in Telecommunications 


(1) (2) 


1980 Total investment expenditures 


telephone, telegraph, broadcasting $930.3 $930.0 


Percentage of direct imports 33.4 24. 


1980 domestic investment expenditures $619. $712 
telephone, telegraph, broadcasting 


Impact On 
Wages $353 $406 
Surplus $155 $ 78 
Indirect taxes ale $ 14 
Metals $180 $206 
Manufacturing $ 87 $100 


Services $136 alge t7/ 


- 318 - 


used. The first - 33.4% - is the value given as the import coefficient 

in the 1961 input-output tables for Canada. The second value - 23.4% - is 
the average (1961-67) percentage of imports to the total value of electrical 
products shipments as given by the Canadian Electrical Manufacturers Assoc- 
iakiouee The following table (Table V) gives the estimates of the impact of 
the calculated final demand for telecommunications equipment in 1980 using 


the import coefficients of Table II in Chapter VII. 


Domestic producers in 1980 are projected to be shipping between 
$620 and $729 million of equipment to the telecommunications sector. These 
shipments will lead to a direct and indirect wage bill of between $350 and 
$400 million, profit of between $155 and $178 million, and indirect taxes 
of some $13 million. And as a result of the investment demands from com- 
munications carriers and broadcasters, the metals, man-facturing, and service 
sectors will produce roughly $190 million, $90 million, and $145 million, 


respectively, of materials for the communications-equipment industry. 


With these projections we have completed the cycle of analysis 
laid out in Chapter I. Let us now turn in the final chapter to a summary of 


the results of the analysis and conclusions to be drawn. 


lgoals to 1975 (Toronto, 1970) 


ix. Conclusion 


"This voyage of MacKenzie's ... is a record of carefully 
maneuvered and exquisitely conserved effort in the face of a terrain so 
vast, so absurd, so all-absorbing that effort, except to subsist, seems 
useless, and yet a terrain across which, driven by some vision or compulsion, 
men continually string out, from point to point, the means of communication. 
Beneath the apparent rationality, the commonsense search for commercial 


advantage, we sense a ruling passion which is not explicable in these 
1 


LerMS. . 
To travel the vastness that is Canada is to appreciate the 
accomplishment of those who built the paths which link this country from 
sea to sea, first along the tracks of the birch bark canoe, later over steel 
rails, or along wires hung on wooden poles, now carried on beams from tower 
to tower, soon, perhaps along a path to satellite and back. Their achievement 
is great, and they can justly claim that this country has been well-served 
by its communications industries. 
But this present study must, by its nature, carry out its 
analysis of the telecommunications sector only on the basis of the apparent 
rationality, the commonsense commercial advantage, presumed to drive the 
industry forward; in so doing, it must to some extent fail to measure 
adequately the magnitude of the achievement entailed in bringing telecommun- 
ications in Canada to its present development. As well, it perhaps may 


fail to measure adequately the importance of that accomplishment to those 


lpaniells, Roy. Alexander MacKenzie and the North West, London: Faber and 
Paver; Ly6o, o. FUs 
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Who in various ways depend upon the sector not just for data or for 
instructions, but for human expression, for a link with a community, for 
warning, sometimes for rescue. It is not that we think these things unimport- 
ant; rather we simply know no way, within a statistical background paper, 

to gauge and explain the significance of these factors in the development 

of the industry or the nation. We fall back, therefore, upon "apparent 
rationality and common sense commercial advantage", and in this decision 

our terms of reference support us. 

We, as statisticians or economists largely innocent of 
telecommunications technology, cannot aspire to teach the firms in this 
business how to do their job better, or even how to serve the public 
better. Nor do we aim to do so. Rather, from a position outside the 
firms, and outside the industry, we hope to show the sector as a unit in 
the Canadian economy as a whole. Looking in from the outside, we may, with 
luck, achieve some overall perspective that is denied studies centered on 
the outlook for a single firm. At any rate that, rather than definitive 
recommendations as to how individual firms should behave, has been our goal. 

Our terms of reference emphasize statistical background, 
leaving aside issues of policy or regulatory goals, and this study conforms 
strictly to that emphasis. We solve no policy problems, and make no 
recommendations here. We have occasionally commented upon policy issues 
that appear to us to require further study or made a note if our statistical 
results suggest the presence of policy problems to come, but we have not 


pursued these issues. 
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We have tried simply to establish a consistent model of the 
telecommunications sector, taking an overall economic environment as given, 
and tracing the flows of goods and services into and out of the sector. 

But the scale of our undertaking was not large, and the constraints on time 
severe, at least by academic standards. At the outset it was recognized 
that many points which it would be desirable to investigate must be left 
unexplored simply because time did not permit development of the necessary 
data series or background information. Our terms of reference recognize 
this limitation also, and imply some assurance that further work will follow 
down some of the roads to which our study points. 

With these qualifications, then, that we recognize the industry 
to be more than statistics, both in its thrust to build and in the importance 
users may attach to its services; that we seek an overall perspective 
based upon an aggregate statistical framework rather than detailed forecasts 
of individual firm prospects; that we leave aside, as beyond our assignment, 
assessment of present or potential policy problems; and that we omit 
discussion of many relationships which would deserve study in a more extensive 
analysis -- with these reservations in mind, let us now go on to summarize 
what we see as the main points of our analysis. 

There is, in scattered places, a substantial amount of inform- 
ation relating to the telecommunications sector of the Canadian economy. 

To learn anything from this information, we must impose some form, some 
organization, upon it. The organization we have adopted emphasizes the 
role of the sector as a whole as a supplier in markets for services provided 


to households, government, and industry, and as a buyer in markets for 
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labour services and capital equipment. 

With this organization, this report has provided an extensive 
statistical description of the past two decades of growth in the tele- 
communications sector. The main points of this description are: 

a) on the demand side 
The demand for telephone installations is strongly affected 
by per capita income as well as by demographic factors, and 
rising incomes will lead to serie vats wife eee in the 
number of telephones (including extensions) per 100 households. 
The demand for telecommunications services (excluding 
broadcasting) is not sensitive to (that is, is inelastic with 
respect to) price, except for household long distance calling, 
(The demand for broadcasting services, being a purchased 
input into production activities, might be expected to be 
more sensitive to price, but we have been unable to detect 
such sensitivity.) 

- The demand for telecommunications services displays substant- 
ial income elasticities in the long-run. 

s An thershort. sunteche ee for telecommunications services 
is characterized by substantial inertia and relatively strong 
habituation, and is insensitive to cyclical swings. The long- 
run impact of income changes is thus generally much greater than 
the short run. 


The demand for telephone service (and presumably also 


b) 


6n 
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telegraph service) is homogeneous across regions once 
differences in income, population, and price have been 
taken into account. 
Demands for the fastest growing (data transmission) services 
begin from a sufficiently low base that they are unlikely 
to overwhelm conventional telecommunications services within 
a decade, even though extremely high present growth rates 
are observed. 
the production side: 
Telecommunications services are produced within a highly 
capital-intensive process employing a labour force with rising 
Skill levels, and with only modest intermediate inputs, mostly 
of an overhead variety. 
There is strong evidence of decreasing unit costs as 
output expands, but we cannot identify the specific activit- 
ies giving rise to these economies nor determine whether they 
are true economies of scale or arise simply from increasing 
utilization of overhead plant. 
Production decisions cannot be systematically explained simply 
aS a response to changing wage/rentals ratios observed in 
markets for labour and capital, and this result is consistent 
with what one expects of a regulated sector. 

Continuing technological change, which can be represented 

in part by an index showing the percentage of station-to- 


station calls dialed by the customer in the case of telephone, 


"52404 


or the percentage of revenue accounted for by non-transmission 
(leasing) revenue in the case of telegraph, is apparent in 
the sector, and significant in explaining rising outputs or 
labour productivity. 

g) On the investment decision: 
The investment decisions of the sector can be best explained 
by a distributed lag ‘'accelerator' model based upon a fixed 
target ratio of capital to anticipated output, with an average 
adjustment time of approximately two years. 

- Cost of capital considerations appear to have little direct 
impact on investment decisions, and this, too, is a result 
consistent with the regulatory environment. The simultaneous 
presence of a smooth production function and an accelerator 
investment model is not theoretically inconsistent: when 
the durability of capital equipment is taken into account, 
the impact of regulation is seen to fall at the stage of the 
investment decision, not at the stage of the production decision 
determining the input of variable factors. 

d) On the broadcasting sub-sector: 

- Very low capital/output ratios characterize the broadcasting 
activity (because the required communications facilities are 
generally leased, and the receiving equipment is owned by 
the audience itself). 

- Income elasticities computed for revenues of broadcasters show 


that advertising revenue is growing faster than GNP, and that 


e) On 


We 
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local advertising is growing faster than national. National 
advertising expenditures for broadcasting, however, respond 

more quickly to changes in GNP. 

the manufacturing sub-sector: 

As is to be expected, communications manufacturing is raw materi- 
als-intensive relative to communications services. 

Import leakages are significant both in electric wire and cable 
and communications equipment manufacture, particularly so in 

the latter. 

The rate of growth for the largest plants in communications 
equipment manufacture is less than the industry average. 

Data on growth rates of different size classes suggests some 
evidence of economics of scale in these manufacturing operations. 


shall not deviate from a long tradition dictating that at 


this point in our report we refer to the tasks remaining for subsequent 


analysis. We 
summarized in 
full model of 
macroeconomic 


within several 


have touched upon many such already, and most of them may be 


the observation that we should like to see construction of a 


the telecommunications sector, suitable to be integrated with 


models of the type under construction jointly or independently 


agencies of the Federal government. We have made a start at 


laying out and analyzing the real flows through such a model, taking into 


account demand, production, and investment decisions within communications 


services andc 
to develop rel 


(or from outsi 


ommunications equipment manufacturing. One should also attempt 
ationships explaining wage determination within the sector 


de), price determination through the regulatory process, financial 


decisions determining dividend payouts and retentions (and the extent to 
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which these may be influenced by investment intentions), costs of capital 

or the return to capital required to sustain the growth of the system, and 
thus the feedback of costs and revenues on to the capital markets through 
their influence on capital requirements. In addition, our present analysis 
of production decisions should be elaborated to deal with the system ex- 
plicitly as a network structure, and this elaboration, together with regional 
population projections being developed at DBS and elsewhere, would at the 
same time permit estimation of demand functions from a simple gravity model 


such as already been applied to U.S. telegraph tratric. 


The extent of regulation or other government intervention (beyond 
the usual role of establishing the legal framework for operation) is formid- 
able in the telecommunications sector. In telephone operations one has the 
direct participation of publicly owned systems, as well as regulation of 
federally chartered companies by the Canadian Transport Commission under the 
authority of the Railway Act and provincial systems by provincial regulatory 
bodies; in telegraph operations one has a division of a crown corporation 
(CNR) acting on its own and in association with a division of Canadian 
Pacific, a private corporation, with telegraph rates and tolls regulated 
again by the CTC; both telegraph and telephone systems feed into Canadian 
Overseas Telecommunications Corporation, a crown corporation, for all 
overseas messages. On the broadcasting side, the publicly owned CBC 
dominates both radio and TV, while cable and CATV companies are regulated 
by the CRTC under the authority of the Broadcasting Act. Revenues from 


telecommunications equipment manufactured by Northern Electric are consoli- 


av o2] = 


dated with Bell Canada revenues for purposes of establishing an overall 
rate of return, even though that operation is not otherwise regulated. 
Computing activities, with a growing link to communications, involve many 
companies, among whom can be numbered CN-CP and Polymer Corporation, a 
crown corporation. As well, government involvement in computing activities 
includes the Central Data Processing Bureau, and the support through the 


National Research Council of numerous university computing centres. 


Policies, therefore, are already in force, and extensive inter- 
vention is already with us. A passive "low-profile" policy is no longer 
an option, if, indeed, it ever was in this sector. Under these circumsrances, 
it is our hope that this report will provide statistical background of use 
to those charged with making many of the important decisions to come within 
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I. Introduction and Overview 

This study explores growth and change in household requirements 
for telecommunication services in Canada in the decade of the 1970's. 
Telecommunications, with respect to the household sector, are defined in 
this study to include telephone and telegraph services, that is, services 
which essentially provide two-way communication. At the present stage, 
therefore, cablevision services are not included. 

The procedure followed is to construct a model which includes 
three sectors. These are a demographic sector, a potential output or 
GNP generating sector, and a sector representing the household demand 
for telephone and telegraph services. The demographic sector model 
generates labour force data which are inputs to the GNP generating 
sector and it generates household data which are the principal explan- 
atory variables in the demand equations. The methods used in developing 
demographic projections are described in Section III. 

The GNP generating sector, hereafter called the potential output 
sector, provides the necessary projections for the overall level of 
economic activity in Canada. These projections are the type known as 
"potential" output projections. The state of the art of economic fore- 
casting does not enable the construction of decade forecasts which 
incorporate short term cyclical fluctuations of the type represented by 
the decline in economic activity currently occurring in 1970. Potential 


output forecasts may therefore be "wrong" in either direction at various 


points in the business cycle. 

On the other hand, however, the communications plant is large 
and complex and is, by its nature, unable to adjust, except possibly in 
minor ways, to the vagaries of the cycle. Therefore, analysis of 
policy on the basis of potential levels of economic activity is not 
only necessary but seems also the wiser course of action. 

The potential output sector model is essentially an aggregate 
production function. The production process represented takes account 
of labour and capital inputs and also of certain related phenomena 
which will be important to the Canadian scene in the period under study. 
These include the changing age-sex composition of the labour force 
which will be particularly dramatic, and the changing average level of 
education. Explicit account is taken also of technological change and 
economy-wide scale effects. Since these procedures have a major effect 
on the projections developed, they are described in detail in Section III. 

The two components of our process described above, although 
of considerable interest in themselves, are essentially raw material 
for the final process described in Section IV. In that section demand 
equations are specified for telephone use by households. Separate 
equations are estimated for local service and for toll use since it 
seems likely that the parameters in these two areas will be substantially 
different. The equations are then used to project per household 
expenditures in constant dollars on the two categories of service to 
1980. These projections are converted to aggregate total expenditures 
by multiplying the per household figures by the number of households 


and adding the resulting figures for the two classes of service to obtain 


a total. 

The case of telegraph service is handled in a simpler manner. 
Because of data limitations it has not been possible to isolate house- 
hold use from total use. Total or aggregate demand for telegraph use 
has therefore been projected to 1980 by trend extrapolation. The pro- 
portion calculated by applying a ratio derived from samples of the 
message mix is then applied to the extrapolated figures to obtain an 
estimate of the household component of demand. This is a rough procedure, 
but fortunately the component of demand is relatively small. The objective 
is to place telegraph service in perspective with telephone service. 

The skeletal structure of the procedures summarized in the 
preceding paragraphs is illustrated schematically in Figure 1.1. For 
example the demographic sector model is shown as generating the labour 
force, the education stock, and the number of households. These variables, 
in turn, feed into the telecommunications demand sectors either directly 
or indirectly via the GNP generating sector. The reasons for setting up 
and presenting the study in this way are in part reasons of expository 
convenience but are more essentially related to research technology. A 
study of this type can be programmed for an electronic computer from the 
initial introduction of raw data through the various intermediate steps 
to the final demand projections. Once such a programme exists, alternative 
assumptions can be easily introduced, more recent data may be incorporated 
or the model may be expanded in size or scope. 


A prelimary word on data is required in a study of this type. 
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For the most part, the data used are from standard sources published by 
the Dominion Bureau of Statistics. The key set, however, has been pro- 
vided through cooperation of the industry. Most of these data are pre- 
viously unpublished. This study could not have been undertaken without 
these data. It must also be recorded that the quality of the projections 
is dependent in large part on the quality of the industry data. It should 
be noted that industry coverage, although broad, is incomplete for the 
telephone industry. Data covering about 85 per cent of revenues were used 
in the regressions reported here. 

Because of the importance of the data to the results and because 
of their intrinsic interest, they are displayed graphically at the company 
level in Appendices B, C and D. 

The reader whose interest is primarily in the projections them- 
selves may turn immediately to the results and conclusions in Section V. 
The methods employed are described in Sections II, III and IV, and ad- 


ditional detail on data and sources is found in the Appendices. 
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II. The Demographic and Education 
Sectors 


1. The Demographic Sector 


Given the objectives of the study and the nature of the industry 
under examination, it is inevitable that, irrespective of the method of 
analysis employed, demographic movements will be of paramount importance 
in developing the projections reported here. Detailed attention is 
therefore paid to the definition and measurement of the demographic variables 
used in the study. Because of the complexity of the calculations, how- 
ever, some short cuts in exposition seem desirable. The basic technique 
employed is the cohort-survival method (sometimes referred to as the 
"component method"). In this approach a "bench-mark" population is taken 
as the beginning point. This population, obtained from census data, has 
the classification relevant to the study at hand; for example, different 
aspects of the present study require breakdown of the population by age 
group, by sex, by education level, etc. The bench-mark population is the 


"cohort". The cohort is followed through the desired time span 


so-called 
(1950-1980) by addition of the annual net inflow; for example, births 
plus net immigration minus deaths in the case of the population cohort. 
This process is illustrated schematically in Figure 2.1. 

It will be noted from inspection of this figure that the popu- 
lation is divided into five age groups. Each age group is divided into 
the subgroups male and female. The lower three age groups (both sexes) 
are inputs to the education process; the middle group (20-34 years) pro- 


vides the principal input to the household formation process; and all 


age groups excluding the lowest (0-14 years) constitute the labour force 
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source population. 

This basic demographic sector model therefore generates, in 
addition to the labour force, the human throughputs for the household 
formation and the education sector models. The principal source for the 
data used in the demographic model is Illing et al. 

2. The Household Sector 

In the specification of the demand equations and in the demand 
projections the basic consumer of the services in question is the house- 
hold. We therefore extend our demographic model to include the process 
of household formation. The household, rather than the family, is the 
relevant variable since we are interested in the effect on demand for 
telecommunications, not only of the increase in the number of families, 
but also in the increase of dwelling units resulting from the reduction 
in shared accommodation. 

Marriages are a function of the number of persons in a certain 
age group in the demographic model (20-34 years). Net immigration is a 
second source of change in the number of households; and, of course, 
deaths of married persons or householders constitute an outflow from the 
stock of households. The growth in the stock of households has exceeded 
substantially the growth in the stock of families over the past twenty 
years. Obviously this phenomenon has important implications for the 
demand for telecommunications services and it is therefore taken into 


account in this study. The figure for total households in year t is 


maeeane M. Illing et al, Population, Family, Household and Labour 
Force Growth to 1980, Staff Study No. 19, Economic Council of Canada, Queen's 
Printer, Ottawa, 1967. 


derived from the formula 


H, = Fie where hy is the ratio of the number of family 


households to the number of families, and n is the ratio of nonfamily 
to total households. 

Details of the calculations summarized here, as well as statis- 
tical tables and sources may be found in Illing et al. 
3. The Education Variable 

It is useful for our purposes to think of nbtdak of knowledge 
and habits in the population. This stock is fed in large part by the 
flow through the formal education system. Quantification of this important 
characteristic is of particular importance to the present study, for the 
average level of education in the population plays a dual role in the 
demand for services of the telecommunications industry. 

First, the education stock enters the productive process of the 
economy as an input and thereby affects the demand for services indirectly 
via its influence on the overall level of economic activity or, more 
specifically, on the level of per capita income. Secondly, the average 
level of formal education is hypothesized to exert a direct influence on 
the demand for telephone and telegraph de tuttas under the hypothesis 
that behaviour patterns viz a viz these services vary among persons with 
different levels of education. 

Considerable pains have therefore been taken to measure in an 


operational way the "stock" of education in the households of Canada. To 


eke 
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this end an index is constructed. The method of construction is described 
in some detail. 

The first step was to use enrolment pre jece case in conjunction 
with census benchmark data, to estimate the numbers of persons of work- 
ing age (but not in school) at each of four education levels: i. primary 
or less, ii. secondary, iii. some university, and iv. university degree. 
The formula used was: 


Te aicaly ne 4 
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np the number of persons in the source population 
with level of education j in period t, 


cr GU. 


the inflow to the source population of persons 
with education level j in period t. 


dJ: the drop-out rate for the source population of 
level j. 


The resulting series are plotted in Figure 2.2 to a semi- 
logarithmic scale. Here we can observe the joint effect on the labour 
force source population of the changing pattern of school enrolment 
and retention rates and of the shifts in the age composition of that 
population. Using these data an education index was constructed. The 


formula for this index is 


voy 
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awh. Illing and Z.E. Zsigmond, Enrolment in Schools and Universities 

1951-1952 to 1975-76, Staff Study No.20, Economic Council of Canada, 
Ottawa, 1967. See also Z.E. Zsigmond and C.J. Wenacs, Enrolment in 
Educational Institutions by Province 1951-52 to 1980-81, Staff Study 
No.25, Economic Council of Canada, Ottawa, 1970. 
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which can be rewritten: 
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where the newly introduced symbols are: 


' 
E : the education level index for year t with base 
ot 
year o (1955) ; 


Vv : the earnings differential for education level 
j computed according to the Denison 3/5 formula 
see Appendix 5). 

The purpose of rewriting Formula (2.2) in form (2.2a) is to 
demonstrate that the education level index is a weighted aggregate 
of individual level relatives where the weights are base period shares 
of income attributable to education. 

The index number calculated in this way is shown graphicallv 
in Figure 2.3 and is listed in Appendix Table A.3. 

It should be recognized, of course, that the index presented 
here represents a measure of formal education only. It is well known 
that the growth of knowledge and skills in the labour force source 
population takes place to a substantial degree outside the formal 
apparatus of education. This aspect of education is difficult to 


quantify. However, the age-sex adjustment to the Labour force des- 


cribed in the next section represents an undertaking in this direction. 
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III. The Output Model 


2s) introduction 

This section describes in summary form the model used to pro- 
ject potential output of the Canadian Economy over the period 1968-1980. 
The method employed is to specify an aggregate production function. After 
the parameters of this function have been estimated, it is used in con- 
junction with the human inputs described in Section II and the non-human 
inputs described below to generate figures for the potential output of 
the Economy to 1980. These output figures provide the basis for calcu- 
lating total consumption expenditures which, in turn, are used in the 
demand forecasts described in Section IV. 

The basic input components of the model are cohort-survival 
processes which produce stock variables for age-sex adjusted labour, 
education, and capital. Particular attention is paid to the first two 
because changes in these over the period of study appear to be larger 
in Canada than in most other countries. The resulting indexes are the 


variables used in fitting the production function: 


y= A 10 atdct+eT a (Hp Ose, 8 | 


2. The Labour Variable 

Changes in the size and composition of the labour force over 
the period of projection (1965-1980) will be unusually large in Canada. 
The first column in Table 3.1 provides a comparison between Canada and 
selected countries of the increase in the size of the labour force. The 


second column shows Canada's female participation rate in 1962 to have 


mo 


been the lowest of any of these countries. This participation rate is 
expected to rise to approximately the United States level by 1975 with 

a resulting substantial change in sex composition. Equally dramatic, 
although not shown in Table 3.1, is the anticipated change in age com- 
position resulting from the increased proportional size of the younger 

age Prounotes Studies have revealed a consistent pattern of earned in- 
come differentials among persons of different ages and between the sexes. 
These differentials are assumed in this study to reflect age-specific 

and sex-specific differences in productivity. It is possible that earn- 
ings differentials, particularly those between the sexes, reflect non- 
economic factors. However, it seems likely that these factors, discrimin- 
ation for instance, take the form of forcing certain of the groups into 
less productive employment and therefore the use of earnings differentials 
as indicators of productivity differences is held to be valid. 

Under these circumstances the appropriate procedure is to ag- 
gregate the age-sex categories of the labour force by use of a Divisia 
dena This procedure requires income share data for each period (or 

ay Tiling; op. Jcit... lable 4-6. 7p. 101. (See Tabde 2.1). 


/! 
See for example J.R. Podoluk, Earnings and Education, Dominion Bureau 
of Statistics Monograph 91-510, Ottawa, 1965. 


aeee recent discussion on the properties and computation of Divisia in- 
dexes see: D.W. Jorgenson, "The Embodiment Hypothesis", Journal of 
Political Economy, Vol. 74, No. 1 (Feb. 1966), pp. 1-17, D.W. Jorgenson 
and F. Griliches, ''The Explanation of Productivity Change", Rev. of 
Economic Studies, XXXIV (3), No. 99, and M.K. Richter, "Invariance Axioms 
and Economic Indexes", Econometrica, XXXIV (4), (October 1966). 
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TABLE 3.1 


Labour Force Growth in Selected 
Countries, 1965-80 


Per Cent Change in Females as a 
Labour Force 1965-80 Percentage of the 
Labour Force, 1962 


Britain 4.4 395.0 
France iS ye! 6 5 
Germany (F.R.) he, 36.4 
Italy Led 214.8 
Sweden -0.3 31.4 
United States 2929 32.0 
CANADA 49.8 oe. 


SOURCE: Wolfgang M. Illing et. al., Population, Family, 
Household and Labour Force Growth to 1980, Staff Study No. 19, Economic 
Council of Canada, Ottawa, 1967, Tables 4-C, 4-H. 
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at least for a number of periods), and therefore could not be used since 
income differentials are available in the required detail only for the 
year 1961. The method used was to construct an index of the age-sex ad- 
justed labour force using base period (1961) income shares as weights. 


The index used is a geometric, 
2: 

a = 
(350) L. ‘ 


where 


p,L, (1961) 
Wi eo ae eae 0 aan 


Seat, p,L, (1961) 


and the symbols have the meanings 
Lie number of persons in age-sex group i in period t as a 
quantity relative to base 1955. 
P; relative price of age-sex group i in 1961 (Table 3.2, 
Column 3). 


The rate of growth of this index is given by 


Ly a Wy 
= ul 


The absence of a time subscript for We is the difference be- 
tween this and a Divisia index. Its use therefore incorporates the as- 
sumption that income shares of different age-sex groups are constant over 


the sample period and the period of projection. 


The Potential Labour Force 


The employed labour force was used in the estimation process. 
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In order to calculate and project potential output, a potential labour 
force series was required. The basic data were the total labour force 
series classified by age and sex supplied by the Dominion Bureau of 
Statistics. In order to convert these data to a potential man-hours 
series we applied an adjustment for the unemployment rate consistent 
with the Economic Council's definition of potential--three per cent. We 
could have applied a factor of .97 to our total man-hours series to make 
this adjustment. However, age-sex specific unemployment rates differ 
widely, and it was felt that this variation should be recognized in the 
calculations. Accordingly, we estimated age-sex specific unemployment 
rates consistent with an aggregate unemployment rate of three per cent. 
These estimates appear in Table 3.2. It is interesting to observe the 
inverse relationship between these unemployment rates and the productivity 
weights. This relationship is particularly marked in the case of males. 
It is also discernible for females. However, in the latter case there 
appears to be some confounding of participation rates and unemployment 
rates in the data. 

The twelve age-sex groups were then multiplied by their re- 
spective 'potential'' employment rates and the resulting series were ag- 
gregated in precisely the same manner (and using the same weights) as 
that described in equation 3.1 above. The resulting series are used 
in conjunction with the estimated production function to calculate the 


potential output projections. 
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TABLE tog 2 


1 
Age-Sex Specific Unemployment Rates 
and Productivity Weights 


Age Unemployment Productivity 
Group Rate Weight 
15-19 TAZ s42 
20-24 4.6 65 

25-34 220 .89 
35-44 2.4 1.00 
45-54 257 -99 
Dee a 3.0 eo2 
15-19 4.2 a W) 
20-24 ee -49 
9g 25-34 1.8 257 
B 35-44 Tez a7 
™ 45-54 ae py 
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1 
For aggregate unemployment rate of three per cent. 


A p= 


The Total Labour Force 

This study also makes use of the total labour force as an ex- 
plicit variable. The sense in which "total" is used here is that no ad- 
justment is made for employment rates either observed or potential. The 
total labour force was used to form a labour-capital ratio series. The 
labour-capital ratio was used to obtain projections for the potential 
capital stock as described below. 
Average Weekly Hours 

The average of hours worked per week by the employed labour 
force shows substantial movement over time. This variation was taken 
into account in an earlier analysis of Canadian potential Sianne: and we 
also convert labour force figures to an effective annual man-hours series. 

This was done by constructing an annual index of the historical 
average hours series and multiplying the index of the age-sex adjusted 
labour force by this average hours index. For the employed labour force 
we used a conventional man-hours index. For the potential labour force, 
however, we followed Drabble's procedure, extracting the trend from the 
historical man-hours series, expressing the trend in index number form 
and multiplying our age-sex adjusted potential labour variable by this 


index. 


1 
B.J. Drabble, Potential Output 1946 to 1970, Staff Study No. 2, Economic 
Council of Canada, Ottawa, 1964. 
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3. Education 

The education variables described in the preceding section 
have, as was noted, a dual role in this study. First, they enter the 
productive process of the economy as an input and secondly the education 
variables have a direct effect on the demand for telecommunications 
services. In this section we are concerned with the first of these effects-- 
the output effect. 

The average level of education attainment of the labour force 
is, of course, a qualitative attribute in much the same sense that the 
age distribution is. Indeed, the adjustment for age composition described 
in the preceding section represents an attempt to capture the important 
part of education which takes place outside the apparatus of the education 
system. 

It was decided to treat formal education as a separate input 
variable. This procedure evolved in part from earlier research on the 
role of education in Canadian economic growtht, and was dictated in part 
by the particular production function employed. In order to use this ap- 
proach, it was necessary to have available a single indicator of the 
"quantity" of formal education. The education indicator used is the 


index described in Section II. 


Ieordon W. Bertram, The Contribution of Education to Economic Growth, 
Staff Study No. 12, Economic Council of Canada, Ottawa, 1966. 
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4. Capital 


Considerable attention has been paid to the quantity and to the 
qualitative attributes of the human inputs in the production process. It 
is equally desirable to make a precise measurement of the non-human 
factors of production. Here difficulties of measurement are even more 
acute than those encountered in the area of human resources. For example, 
we should obviously like to measure separately the productive services 
of land and other natural resources on the one hand and reproducible 
non-human factors of production (capital) on the other. From the outset 
we had to forego use of an explicit "land" input. The data for this 
variable are not presently available. Our non-human factor input is there- 
fore limited to reproducible capital goods. A further difficulty arises 
in connection with this capital variable. We would have preferred to 


; , : 1 
develop a variable representing the services of capital. However, we 


were not able to do this but had to use 


evar a compelling argument see D.W. Jorgenson and F. Griliches, "The 
Explanation of Productivity Change", Rev. of Economic Studies XXXIV 
(3) p4Nowe99: 
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the net stock of capital as a proxy for the flow of services. 

The procedure employed was to divide capital goods into two 
categories, construction and machinery and equipment. Then, using his- 
torical gross investment figures for the two broad classes of capital 
assets in conjunction with their average lives, we constructed net capital 
stock series for each. Addition of the two series yields a single aggregate 
figure for the net capital stock. This technique has the disadvantage 
that it confers the same weight on a unit of capital produced today as on 
a surviving unit produced a dozen years ago. There is evidence that a 
part of technological advance is embodied in new capital. We have taken 
considerable pains to measure the equivalent quality changes in human re- 
sources and it would be desirable to apply a similar analysis to physical 
capital. 

The apparatus adopted for this purpose is that of Solomae iG ene 
general in the sense that it enables ready computation of a "conventional" 
net capital stock series or alternatively an "equivalent" capital stock 
series (or set of such series) incorporating embodied technological change. 


iL F ; : : 
R.M. Solow, "Technical Progress, Capital Formation, and Economic 


Growth'', American Economic Review, Papers and Proceedings, May, 1962, p. 76. 

The Solow approach to capital measurement was also applied by M.D. Intriligator, 
"Embodied Technical Change and Productivity in the United States 1929-58", 
Review of Economics and Statistics, February, 1965, p. 65. It was again 

used together with Denison's labour series in a study of United States 
potential output to 1970 by L.C. Thurow and L.D. Taylor, "The Interaction 
between Actual and Potential Rates of Growth", Review of Economics and 
Statistics, November, 1966, p. 351. 
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The principal results reported in this paper are derived from a variant 
in which technological change is disembodied with respect to capital, 

However, extensive experimentation was carried out 
with the embodiment hypothesis and some of these results are reported as 
well. Therefore, the more general formula for deriving the capital stock 
is discussed here. Solow's notation is used with some additions and 
modifications. 

The capital stock is defined by the formula: 


; -(t-v) 
eae et) lta) a iv), 


y=—00 

Where the symbols used are; 

I(t) the capital stock in year t 

I(v) gross investment in year v 

r a capital "improvement" rate 

fe) a depreciation rate. 

The first term in the right-hand sum represents the technological 
improvement effect. Of course, if } is set equal to zero this term has the 
value 1 for all values of v, and the resulting capital stock series (J (t)) 
incorporates no embodied technological change. Where results using values 
of A other than zero are reported, the values for A appear as two subscripts; 
the first is the value for the machinery and equipment component, the second 
the value for structures. 

The depreciation rate p is derived from average life estimated 


: : 1 ; : ; 
for the two capital categories. These average life estimates are fifty 


: Dominion Bureau of Statistics, Fixed Capital Flows and Stocks, 
Manufacturing, Canada, 1926-1960, Ottawa, Queen's Printer, 1967. 
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years for buildings and construction and twenty years for machinery and 


Vides 


The method for converting an average life estimate to a re- 


2 : : 
ducing balance depreciation rate is described by Rymes. The steps in this 


procedure are: 


(1) 


(2) 


(3) 


Compute the "straight line'' depreciation rate as the 
reciprocal of the average life. 
1.e., MCONS~IUCtTL ON 02> 
Machinery and Equipment: .067 
Convert these figures to a declining balance rate 
by multiplication by 2. 
i.e., Construction: .050 
Machinery and Equipment: .133 


The rate so derived is appropriate to the form 


Alen es = 5S 


Where I is the cost of the capital good, L its length of 


service life, S its scrap value, and p' the "reducing balance" 


depreciation rate. 


A transformation is required in order to use the reducing balance 


rate in the form in which it appears in equation 3.2 To obtain the value 


of po in terms of op", the following expression is solved for p: 


Gtiire Bp 


‘Manufacturing, Catalogue No. 13-522, pp. 87-113. See Appendix 
6 for the derivation of these two estimates. 
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to yield 


£,ée., Construction’ 40523 


Machinery and Equipment: .1539 


A refinement in specification was incorporated in equation (3.2) 
to take account of the fact that additions to the capital stock (investment) 
spread over a one year period are not all in service throughout the period. 
The assumption employed is that investment is distributed evenly over the 
year and that therefore, on average, one half of the year's investment is in 
service for the whole year. 

This leads to the following modification of (3.2): 

t-1 


rai Gaye) eu iGth yt p) I(v) + (1+a)* T(t) 
V= —0O 2. 


-(t-v) 


Lagging (3.3) one period, multiplying both sides by Cane 
subtracting the resulting expression from (3.3), and rearranging terms pro- 


duces the formula: 


Cae IO GaGa CLA CLOG otk Dae (eel) } 5 
2 2 


which is more convenient for purposes of computation. 

Using (3.4) and the values for p, A discussed above, separate 
net capital stock series were constructed for machinery and equipment and 
for plant and construction. The series for \=0 (the net capital stock 


without adjustment for technical change) are shown in Table A.5 in 1949 


md NG) 


dollars. The gross investment data from which the stock series are cal- 


culated are also shown in Table A.5. 


Capital Stock Projections 


The discussion above outlines the concept of capital employed 
in this study and describes the steps in calculating the series used in 
the regressions. In order to make potential output projections, it is 
necessary to have projections of the capital stock. One would, of course, 
like to have an investment equation or a set of such See ieee to provide 
these projections. However, at the current stage of the project behavioural 
investment equations were not available. The alternative approach em- 
ployed was to fit a linear trend to the labour-capital ratio. This trend 
was then extrapolated over the projection period and a potential capital 
stock to 1980 was derived in this way. 

The relevant capital stock concept is a total (rather than an 
employed) capital stock concept. We therefore formed the capital-labour 
ratio using a parallel concept of labour--the total labour force. The 
total labour force as used here is described in Section II. 

The sample period used in fitting the trends was 1957-65. The 
shorter period was selected in order to avoid incorporating into the pro- 
jections the distortions prevailing in the capital stock in the earlier 
period. 

The net capital stock series computed along the lines described 
above is plotted in index number form in Figure 3-1. The broken portion 


of the line represents the projected series. 
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5. The Production Function 
The data developed in the preceding sections were used in 


fitting the production function 
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where the symbols are as previously described. This function comes by 

its hybrid nature from a number of sources. The first is the emphasis 

of the study which lay in the direction of measuring the effect of labour 
force quality attributes on the growth of output. This led to a more de- 
tailed breakdown of the human inputs. At the same time the greater hetero- 
geneity of non-human inputs and the lack of data on, for example, relative 
shares of different categories of capital prevented a symetrical treat- 
ment of capital. It was felt desirable, however, to recognize explicitly 
that component of technological change which is embodied in new capital. 
Hence the technique of Solow, described above was used. 

The education variable appears in the form suggested by Hilde- 
brand and ies Although evidence is scarce that formal education enters 
the picture in this particular way, the hypothesis that the output 
elasticity of labour is functionally related to education seemed worth 
further investigation. 

The term in parentheses on the right hand side of (3.5) may be 


thought of as labour adjusted for hours worked, age-sex composition and 


ol 
G.H. Hildebrand and T.C. Liu, Manufacturing Production Functions 
in_ the United States, 1957, 1965, Ithaca, New York State School of Industriay 


and Labour Relations, 1965. 
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TABLE 3.3 


Production Function Parameter Estimatest 


b d e a R- 
-0181 -.6030 20052 Bes De es .9901 
(-3.9364) (3.8031) (4.3180) 

-0147 -.4894 .0054 $2250 -9894 
(-3. 3506) (3.7893) (4.0270) 

-0139 -.4629 20052 #2056 -9892 
(-3.1972) (3.4933) (3.9546) 

-0161 -.5354 -0044 S280 -9896 
(-3.5931) (2.7294) (4.1331) 

0. Lous -.5029 .0045 ee o .9894 


(-3.4209) (Zee 352) (4.0531) 


t statistics in parentheses 

+ Using estimating equation 
log (v/L) = log A -+ob-+ de + et + alog (3, /1) 
ear Boe 


* Durbin-Watson Statistic. 
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education attainment. The parameter 8 is therefore the output elasticity of 
labour with embodied technological change. However, substitution of 


equation (3.3) into (3.5) produces 
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providing individual elasticities for each of the twelve age-sex categories. 
Logarithmic differentiation of (3.6) yields the growth rate of 
é * 
output and its components: 


12 
(3.7) W= deteT +o3 + BH+ J) Bw,logE L, + B log 
V JI oH itl1—= = 2 
2 L, 


Et 


The production function was estimated in logarithmic form using 
ordinary least-squares. Some of the results appear in Table 3.3. The 
problem of selecting a "preferred" specification with respect to the values 
for A}, the capital improvement factor, is a difficult one. As has been 
the experience in other similar apn ene! anata the coefficient of variation 
doesn't distinguish sharply among the alternatives. At the same time, 
it can be seen by reference to the last column of the Table, that the al- 
ternatives do have a measurable effect on the potential output projections. 

We have one year--1966--which is outside the sample period and 
which can therefore be used in a limited test of the predictive accuracy 


of the alternative specifications. The results of this test are shown in 


For example, Solow, op. cit., L.C. Thurow and L.D. Taylor, 
"The Interaction between the Actual and the Potential Rates of Growth", 
The Review of Economics and Statistics, XLVIII (4) (November) 1966. 


After transforming certain of the coefficients to take account 
of the fact that logarithms to base 10 were used. 
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Table 3.4. 
TABLE 3.4 
Output Forecasts--1966 
Total Economy 

Capital GDP Forecast Per cent of Observed 
Stock 1966 °Y GDP (32,856.19)* 

Jy 524000 ale pe des) 

J30 32,492.97 98.69 

Jno B2C4O Foo 98.91 

Jay 6 oe PR EN 23295 

Jay Sages ie a Ree AD 99502 
(1) 


In millions of constant 1949 dollars corrected for agricultural 
yield fluctuation. 


It will be noted that the error of forecast is of the order of 
one per cent in all cases. Again, a clear distinction in favour of any 


specification for J, does not emerge. We therefore selected as the 


r 
"preferred" function, the specification incorporating J: The further 


results and implications reported below are the results for that parti- 


cular version. They pertain therefore to a model for which technological 


change is disembodied with respect to capital but embodied with respect to labour, 
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FIGURE 3.3 


GROSS DOMESTIC PRODUCT AT FACTOR PRICES BY YEAR 1950-1980 
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Also used for purposes of this study is the assumption of 
constant returns to scale. These two characteristics of the output 
model tend to create a downward bias in the projected growth rates 
of potential output. However, since there has been a chronic short- 
fall of actual over potential (see Table 3.5) output over the past 
seven years, the downward bias may not pose a serious problem. The 
resulting GDP series are shown graphically in Figure 3.3 and in 
detail in Appendix Table A.2. 

A justification for the considerable detail devoted to the 
development of these data is illustrated by the pattern of annual 
growth rates shown in the centre column of Table A.2. It can be 
seen that the growth rate of GDP accelerates until 1974, then levels 
off and declines moderately from 1976 to 1980. Needless to state, 
this type of curvature has an important bearing on the configuration 
of demand for telecommunications services. We will have occasion to 
recall it in discussing the demand projections. 


TABLE 3.5 
Actual as Per Cent of Potential Output 


Year Unemployment Actual as Per Cent 
Rate of Potential Output 

1958 120 oT.9 

59 6.0 2260 

1960 JO oe 

1961 Thee oLef 

1962 Ss) 94.1 

1963 ers, 94.9 

1964 4.7 96.4 

1965 Det OS ot 

1966 Shee 95.3 
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IV. THE TELECOMMUNICATIONS SECTOR 


The Demand Model for Telephone Service 


The preceding sections have built up in some detail a set of 
variables which are of direct relevance to the problem of forecasting 
the course of demand for telecommunications services in Canada. We now 
turn to a description of the process by which these predictors were com- 
bined with the historical data on industry revenues in developing the 
forecasts reported in this section. 

It will be recalled that the principal goal of the study is 
the projection of household requirements for telecommunications to 1980. 
Additional research goals are the analysis of demographic effects, the 
measurement of income and possibly price elasticities and development 
of some estimate of the impact of changing habit patterns with respect 
to these communications services. 

Ideally, one would like to make the projections in terms of 
a uniform and preferably technical unit of measurement such as 100-mile 
3-minute equivalent toll calls or a message-minute-miles unit. A search 
of available data, however, reveals that this approach can not be used. 
As an alternative, projections have been developed in constant (1967) 
dollar industry revenues for two classes of service--local and toll, 
and, of course, for their sum as well. 

There were two reasons for separating local from toll revenues. 
First, the two are essentially different commodities and consequently 


the behavioural parameters governing them may be expected to differ 


aor a discussion of the deflaters employed see Appendix Table A.4. 


ees Ge 


substantially. Secondly, the policy implications of the forecasts are 
not independent of diverse growth rates for the two classes of trade. 
For example, the relative future emphasis given to installation of 
switching and trunking facilities in Canada may be seen to depend on 
future demand configurations in the two areas. 

There are a number of different demand models which can be 
used in studies of the present type. The model adopted in this study 
is that of Houthakker and Tegalepee The principal reason for the 
selection was a characteristic of the approach which permits measure- 
ment and analysis of changing habit patterns. 

The model is developed by Houthakker and Taylor along the 
following lines: 

Assume initially that the demand for a good, say, telephone service, 

in time period t is determined by the incomes of the consumers of the 
service and by a "state variable" which, in the case of telephone ser- 
vice, represents habit patterns of consumers with respect to the use of 
the telephone. This hypothesis can be stated algebraically as follows: 


(4.1) gq.*="dae+ Bs, + YX, 


iE 
where a purchases of telephone calls in constant (1967) dollars per 


household of Canadian population during time interval from 


COLO LU tee, 
ca habit patterns of the average consumer or a psychological 
"stock of habits" prevailing during the interval expressed 
in constant dollars per household. 
. 


H.S. Houthakker and L.D. Taylor, Consumer Demand in the United 
States, 1929-70, Cambridge, Harvard University Press, 1966. For a Canadian 


application see T.T. Schweitzer, Personal Consumption Expenditures in Canada, 
1926-75, Part)l, Ottawa, Queen's Printer, 1969) 


la 


fas "Normal" or "permanent" disposable income in constant dollars 
per household, during the interval. 
The variable Ss) is not directly observable. However, it can 


be eliminated in the following manner: 
(4.22) As, rt renee a 


where As, = change in stock of habits of consumers during the time 
period t. 
MORE wasting or "depreciation" of this stock during the same time 
interval. 


Assume further 


a3) w. =)66 


where 6 is a constant "depreciation" rate. 
Substitute (3) into (2) to obtain 


(4.4) As, PE ioe 6s, 


Next use (1) to eliminate s, from (4) 


t 


er iad: bene abies 
a.) As, = (1 3) qb + 7 + a Xt 


Write (1) in first difference form 


(4.6 ead ng B(s “ oo y Cx, eee 


t 


Now assume that Sas can be approximated in the following manner: 


[Eon 


oi ~ L 
(4.27) aes 4 (As, os As,_4) 


t-1 
which holds true if the behaviour of the s variable is linear within 


each time period. Then 


= ee 


as = 
(4.8) Tod) Aimntis, (As + As, _4) + yx, x1) 


Substituting (5) into (8) we obtain 


"dale Nagel lgeda t 
(Aes Od a0 ey oe re) dt er ee tI) a 
ieee, WALD = 
re ad cats ak 


This can be simplified (provided B-6#2) to 


ad 1+45 (8-6) (1+456) 


(4.10) q. = I—*s(B=3)  1-5(B-S) 1—s(6-S)ot 


ell Leese 
1-(B-5)° t-1 


S, has disappeared from the equation and the remaining variables are now 


the directly observable quantities ce and x 


ale ce pats 


For computational reasons it is convenient to express 


(4.11) a5 apes Hea? 


which leads to 


- as 1+45(B-6) Jey ee 
012) de = qar(ersy * 14(e=8) Se-1 * THA) *e-1 
y (165) 2 
SECO) kas me 
or simply 


(4,124) oes Ay “+ As4-1 + AyX, 4 a5 AjAx, 


Here Ax, stands for the difference in x between the two time periods t 
and t-l. The parameters a,8,y and 6 of equation (1) and (3) can be 
obtained from the coefficients of (12a) 


ly 
2A, (A, a4) 


090. 


2(A,-1) A, 
PU NESTE Mer aT 
1 Bie 
2 (AHA) 
neyo 2a 
G5) y= 35 
oe 
(4.16) 6 = ; 
A,~sA5 


Equation (4.12a) is the basic demand equation used in this 
study. The first use to which it was put was the derivation of the 
series x for the forecast period. This series is the 'permanent 
income" series and is approximated here by per household expenditure 
on consumption. 

The procedure was to treat personal consumption expenditure 
(P.C.E) as the dependent variable and gross domestic product (G.D.P) 
and lagged PCE as regressors for the sample period 1950-1967. The 
estimator used was ordinary least-squares. The resulting equation was 
then used in conjunction with the GDP projections developed in Section 
III, to forecast total personal consumption expenditure in 1949 dollars 
from 1968 to 1980. The results are shown graphically in Figure 4.1 
and numerically in Appendix Table A.2. 

Having developed the projections for personal consumption 
expenditure in the aggregate, it is now possible to analyse and project 
the component of PCE accruing to the telephone industry. The procedure 
was again to fit equation (4.12a). This was done (a) with revenue 
from local service as the dependent variable, (b) with revenues from 


toll service as the dependent variable and (c) with the combined revenues 
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FIGURE 4.1 
TOTAL PERSONAL CONSUMPTION EXPENDITURE 1950 - 1980 
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from both types of service as the dependent variable. 

In all cases the variables were placed on a per household basis by 
dividing each by the relevant household figures developed in Section II. 

There are reported, however, two further variations on this 
theme. 

(1) The education index was inserted in the demand equation under 

the hypothesis stated in Sections I and II that the demand 
for telephone service is related to the level of education 
or to some social variable for which the education index is 
a surrogate. 

(2) A price variable was introduced in an attempt to measure the 

price elasticity of the two types of service. 

The results of these regressions are summarized in Table 4.1. Inter- 
pretation of the coefficients a, 8, y, 6 is discussed in detail in Houthakker 
and Ade A brief summary relevant to the special case of telephone ser- 
vice will suffice here. It will be recalled that the variable Ss, is austate 
variable representing a psychological stock of habits with respect to the tele- 
phone possessed by the average consumer. Its coefficient, 8, would there- 
fore, in the present situation, be expected to be positive. This turns out 
to be the case in all six of the specifications shown in Table 4.1. 

The coefficient y represents the short-range effect of a unit change 


in x on q. Short range in this context means one calendar 


Bn corual discussions with industry officials provided subjective support 
for this hypothesis. 
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year. Clearly, this coefficient should have a positive sign which 
again it does in all cases. 

The coefficient 6 is the "declining balance" depreciation 
rate for the stock of habits of the telephone user. In the present 
application this interpretation seems somewhat forced. However, the 
coefficient would be expected to be positive here, which it is in 
all cases. It is also relatively large, indicating that behaviour 
patterns with respect to telephone use are changing rapidly. 

The Projections for Telephone Service 

Turning now to the forecasts, we have the problem of assess- 
ing the effects of the alternative specifications and of selecting 
a "preferred" forecast. In order to provide a convenient basis for 
comparison, the alternative specifications are shown pair-wise in 
Figures 4.2 to 4.10. Each figure shows the estimated equation, the 
t-statistic for each coefficient, the multiple correlation coefficient 
(R*), and the Durbin-Watson statistic (D-W) for testing the serial 
independence of the residuals. The graphs show the observed values 
for the sample period, the values calculated from the regression 
equation for the sample period and the values calculated from the 
regression equation for the period of projection. The vertical scales 
represent per household expenditures on telephone service in 1967 
dollars. In all cases, the fit of the equation to the data as measured 
by the R? statistic is extremely good. By this criterion the addition 


of the education adjustment and the price variable has no significant 


"explanatory" value. These two modifications do, however, affect the 
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FIGURE 4.9 
TOLL REVENUES WITH PRICE VARIABLE 


FIGURE 4.8 


LOCAL REVENUES WITH PRICE VARIABLE 
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FIGURE 4.10 
TOTAL REVENUES WITH PRICE VARIABLE 
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projections--in the case of the price variable, substantially. 

A comparative view of the impact of these alternative 
specifications may be obtained by inspection of Figures 4.2 - 4.10. 

It can be seen that the effect of the education adjustment is 
negligible in the case of local service, but significant (at least in 
its cumulative effect to 1980) for the toll service projections. 

The inclusion of the price variable, on the other hand, 
produces projections of a different order of magnitude. The average 
per cent rate of growth in this case being 8.9 in comparison with 6.6 
for the basic specification. The underlying cause for this difference 
appears to be the downward drift in the relative price of telephone 
service over the sample period. In making projections with the price 
variable included, price movements were projected by extrapolation of 
a linear trend fitted to the relative price data. The relative price 
variable was calculated as the ratio of the implicit deflater for the 
relevant class of telephone service to the Consumer Price Index. The 
interpretation of these projections should therefore incorporate the 
assumption that technological change, the evolution of scale economies 
and other factors bearing on productivity will continue at the same pace 


as in the decade of the 1960's and that these developments will result 


in price reductions to the household consumer. In short, the projections 


including price may be viewed as establishing the upper bound to a region 


which includes the "true" projection. The "standard" projections, on the 
proj proj 


other hand, may be considered the lower bound to this region. 
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A more precise picture of these results is provided by 
Table 4.2. This table shows projections (forward and backward from 
1967) of local and toll revenues in constant (1967) dollars. These 
figures are again developed for the three alternatives; standard, 
education adjustment included, and education adjustment with price 
variable added. Also shown are the annual per cent changes for 
the three alternatives. 

As one would almost certainly expect, the telephone 
industry (household component) shows a positive rate of growth for 
the entire projection period. Furthermore this growth rate is greater 
by at least one percentage point (about twenty per cent) than the 
real growth rate projected for the economy as a whole. 

Perhaps the most unexpected and interesting feature of the 
table, however, is the decline in the growth rates after 1967. This 
decline is present both for local service and for toll service and 
occurs for all three variants of the demand model. It is worth 
noting that 1967 is the final year of the sample period. The 
implication is clearly that the seven or so years prior to 1968 
were extraordinary with respect to the growth of household demand 
for telephone service. There is a distinct turning point in the 
rate of growth in 1968. Furthermore the growth rate is predicted to 
decline at least until 1972. For two of the variants it continues 


to decline until 1980. Only in the third, where we postulate a 
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continuously falling relative price does the falling growth rate 
reverse. 

A puzzling feature of the results is the wide divergence 
between the projections where the price variable is included and 
those where it is omitted. As noted above, the t-statistic for 
the coefficient of price in the regression equation rejects the 
hypothesis that this coefficient differs from zero. On the other 
hand, the divergence between the two sets of projections suggests 
that household demand for telephone service is elastic with 
respect to price. This anomalous behaviour parallels the findings 
of Houthakker and Taylor for the United Spaces a Further study 
of price effects and a careful examination of the price data are 
needed. 

Meanwhile the "preferred" projections would appear to 
be those generated by the variant which includes the education 


adjustment. 
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Z. The Projection Method for Telegraph Service. 


Household use of telecommunication facilities other than the 
telephone is of relatively small importance and is limited to the class of 
trade known as "public message" service. This service is provided in 
Canada by two firms; C.N. Telecommunications and C.P. Telecommunications. 

A breakdown between household and other use of these facilities 
does not emerge from records kept by the companies. This fact eliminates 
the possibility of estimating a demand function of the type applied to the 
telephone industry. It was, however, felt that some assessment of the present 
and future role of this industry in household communications is necessary 
in order to give a complete picture and to place the telephone and telegraph 
industries in perspective. 

The procedure followed is to fit a simple trend to deflated 
industry revenues and to extrapolate this trend to 1980. The items of revenue 
to which the trend is fitted are those relevant to the household sector: 
public message tolls and express money orders. In order to make the results 
comparable to those for the telephone industry the revenues were deflated 
using the D.B.S. telecommunication deflater. 

The results are shown in Figures 4.11 - 4.13. The trend lines 
for both companies, and of course for the total as well, have marked downward 
slopes reflecting the well known secular decline in use of public message ser- 
vices. The vertical scales represent total use -- household and commercial -- 
and it is necessary for the purposes of this study to attempt a separation of 
the two. The only information available is that about 15 per cent of the 
total revenues in this category has historically been derived from the house- 
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Table 4.3 


DEFLATED REVENUES ORIGINATING IN HOUSEHOLDS 
(Millions of 1967 dollars) 


Year Telephone* Telegraph | Lota. 
L961 246.8 ao 249 .6 
1962 272 eo Zot OM bs es, 
1963 290.9 2.4 2937-3 
1964 Se WE i ee, 3205.1 
1965 354.7 2.4 Se Wl igo 
1966 3915 3 Deo 393.6 
1967 435.0 one 437.2 
1968 46105 RAP 463.7 
13969 510.1 1s) 312.0 
1970 550.8 i Do2.7 
He yg EES 1.8 995.3 
gS rs 638.4 7 640.1 
vo73 685.5 1.6 erey neh 
1974 foley 74 ts 136.7 
5975 Tolee 1.4 788.6 
1976 843.0 i Msgs 844.3 
1977 9011 ie 90220 
1978 961.6 nie | 962.7 
1979 1025.9 0 1026.9 
1980 1093.4 Ue 1094.3 


*Sum of local and toll derived from "Education Adjustment" variant in Table 4.2, 


= 5984 


The figures derived using this rough approximation are shown 
in Table 4.3. Also shown in this table are the "preferred" projections for 
the telephone industry and the totals for the two branches of the tele- 
communications industry. The conclusion to be drawn from this table is that 
household use of the telegraph medium is small relative to household use of 
the telephone and will become smaller. In 1961 the size of the telegraph 
sector was one per cent of the telephone sector. This ratio is projected to 
decline to one tenth of one per cent by 1980. The method of analysis of the 
telegraph industry is admittedly somewhat crude, but it seems unlikely that 
refinement of the analysis or of the data will substantially alter this 


result. 
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APPENDIX A. 


Data and Sources 
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APPENDIX TABLE A.1 


Families and Households (Thousands) 


Total Education 
Year Family* Non Family* Households* Index Total House- 
(1) 2) (3) (4) Holds Adjusted*s 
1950 295 457 3407 O99 10 3438 
1951. BUZo 469 3497 0.9944 po Li, 
D2 SEZ] 474 3601 0299538 3616 
1953 3224 482 3705 0.9974 eyAts) 
1954 3320 495 3815 019935 302) 
to) 3403 i a0 1.000 5915 
1956 3496 D2 4028 1.0019 4020 
L957 3625 225 4178 10022 4169 
1958 3710 581 4291 1.0034 4267 
ine S796 609 4405 1.0061 4378 
1960 3886 640 4526 1.0090 4486 
1961 3962 b72 4634 i O120 4579 
1962 4023 707 4731 1.0160 4657 
1963 4092 743 4835 P019S 4741 
1964 4170 igre) 4948 LeUZo9 4833 
165 4259 814 5074 1.0284 4934 
1966 4364 850 5214 10333 5046 
1967 4462 882 5344 0 3Go 5147 
1968 4565 914 5480 1.0438 5250 
1969 4676 946 5622 1.0495 seh 
L970 4793 976 3/69 T0557 5465 
ges ie 4915 1007 aI22 1.0624 5574 
IGS Wy des 5044 1037 6081 1.0694 5686 
ee 5178 1067 6245 P0769 3199 
1974 5316 1097 6414 1.0847 2913 
1975 5459 LEZo 6587 1.0929 6027 
1976 5612 OA Sy 6770 LALO02 6153 
LOTT 5763 1188 6951 121076 6276 
1978 S911 1216 7A29 Leitso 6394 
1979 6062 1248 7310 te 2) 6512 
1980 6215 12476 7493 1.1300 6631 


a anne nnn nn nn SS ss eee —E 
| 


*Source: Illing, Wolfgang M. et al, Population, Family, Household and Labour Foret 


Growth, Staff Study #19, pages ,» Economic Council of 
Canada, Ottawa. 


**The Adjustment consists of dividing the figures in Column (3) by Column (4). 
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APPENDIX TABLE A.2 


Gross Domestic Product and Personal Consumption Expenditures 
(Millions of 1949 Dollars) 


Year Gross Domestic Product Annual Rate of Growth Personal Consumption Exp 
Actual* of Potential Output Actual* 
1950 16458 
AMS gan 19126 11817 
1952 21344 12633 
Ue lee: 22206 13338 
1954 23213 13650 
£955 24169 14738 
£936 26936 15516 
1957 28455 16058 
1958 29316 16568 
1959 oUz93 E7281 
1960 32146 17774 
2961 Soo 51 18508 
E962 36137 19364 
1963 38697 20235 
1964 41675 21506 
1965 45793 22000 
1966 50741 23954 
1967 54166 25094 
Potential Projected** Potential Projected 
1968 56885 SUZ 26226 
1969 59769 Sty 27461 
1970 62859 pe 28735 
O71 66103 2.26 30050 
72 69553 B22 31419 
1973 73239 5.30 32850 
1974 77136 5482 34346 
1975 81240 By 32 35914 
1976 85957 5.29 37599 
5277 90037 cays) 39286 
1978 94745 Eas) 41098 
979 99672 bn 20 42998 
1980 104825 on Li 44989 


*Source: Dominion Bureau of Statistics, National Accounts, Income and 


Expenditure 1926-1956. 


**Source: See Text. 
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APPENDIX TABLE A.3 


Education Index 


Education Education 
Index Index 
1950 0.9910 1966 E0333 
O51 0.9944 1967 1.0383 
1952 0.9958 1968 1.0438 
1953 0.9974 1969 1.0495 
1954 0.9985 1970 e055 7 
1955 1.0000 1971 e624 
1956 1.0019 LOF2 1.0694 
1957 P0022 Lo73 1.0769 
1958 150034 1974 1.0847 
1959 1.0061 Lo75 1.0929 
1960 1.0090 1976 1. 1002 
1961 OL20 1977 1.1076 
1962 £0160 1978 50 
1963 1.0198 1979 Ve1725 
1964 1.0239 1980 11300 
1965 1.0284 


Source: See Text 
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APPENDIX TABLE A.4 


Implicit Deflaters (1967=100) 


Olley Stud ! D.B.S.* 

Year 

Local jog Bb Combined Combined 

Revenues Revenues Revenues Revenues 
1952 24 1.025 aie hos) 
1953 s933 £030 -963 
1954 +932 BeOS -964 
1955 933 16035 -966 sO2o 
1956 -933 £2037 -967 . 880 
TO57 2933 1.039 -967 883 
1958 939 Ts042 .972 . 889 
1959 1.000 1.085 L027 -945 
1960 1.000 1.095 1.031 -948 
1961 1.000 1.084 O29, Be PS) 
1962 1.000 1.030 1.010 - 969 
1963 1.000 1.026 1.009 7 1 
1964 £2000 e025 c.009 <972 
1965 1.000 12022 1.008 -976 
1966 1.000 1.006 L002 .9o7 
1967 1.000 1.000 1.000 1.000 
1968 1.007 
TR. E. Olley, Memorandum on Productivity, Mimeographed, Bell Canada, 1969. 
iomtnt on Bureau of Statistics, Prices and Price Indexes, Ottawa. 
Note: In deriving constant (1967) dollar revenues it was necessary to 


choose between two sets of price deflaters: those calculated by Dr. R.E. Olley 
for the Bell Telephone Company of Canada and those published by the Dominion 
Bureau of Statistics. It was decided to use the Bell figures, The reasons for 
this choice were related to the coverage and to the length of the different 
series. The Bell series have the disadvantage that they apply only to revenues 
of the Bell Telephone Company of Canada, thus directly covering only about 672 
of the total. On the other hand, they provide a breakdown between local and 
toll service (although not between household and business use). 


The deflater published by the Dominion Bureau of Statistics is a 
component of the Consumer Price Index and applies to household telephone service. 
Separate deflaters for local and toll service are not published. In addition to 
these disadvantages the D.B.S. annual series is shorter; extending only from 1955 
to 1967. It seemed advisable, in the face of these considerations to use the Bell 
deflaters. 


It must be noted that the projections are not unaffected by this choice. 
The Bell index declines from 1960 to 1967, whereas the D.B.S. index shows a five 
point rise over the same period. In both instances the relative price of tele- 
phone service is declining but the difference in the rate of decline may be ex- 
pected to affect the forecasts. 
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APPENDIX B. 


Industry Revenues by Company 


One of the preliminary steps in this study was an examination 
of the telephone industry data in graphic form. Since growth rates were a main 
area of interest, the undeflated revenue data were plotted over time to a semi- 
logarithmic scale. Trend lines were fitted to the data in this form and the re- 
sulting equations appear on the diagrams. Since logarithms to the base 10 were 
used the coefficient of X cannot be interpreted as an annual rate of growth. 
(Division by 0.338 converts this coefficient to a growth rate.) 

The patterns into which the data fall appear to be of some in- 
trinsic interest. A clearly defined log-linear trend emerges in all cases. The 
points, however, seem to follow a wave configuration around the trend line. 

It seems likely that these waves reflect rate changes. 
The trend lines themselves generate forecasts of a simple type 


which may be compared roughly with those generated by the more complex model. 
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APPENDIX C. 


Ratio of Installations to Households 


This appendix depicts graphically the secular growth in the number 
of telephones (residence main) per 100 households. It will be observed that in 
the relatively short period of eighteen years residential telephone installations 
increased from less than one for every two households to almost one per household. 
Another interesting feature of these data is the rather wide region- 
al variation in the proportion -- a variation, in 1967 for example, from less than 


m.o to more than 0.95. 
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APPENDIX D. 


Messages by Company of Origin 


A further set of data provided by the industry was a tabulation of 
messages by company of origin. Unfortunately for purposes of this study, no break- 
down between household and non-household messages was available. 

Nevertheless these figures seemed of descriptive value and are there- 
fore appended. The vertical scale is logarithmic and the coefficients of X in the 


equations may be converted to annual growth rates by division by 0.338. 
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PREFACE 


The purposes of this study are set out in the following terms of 


reference: 


(a) 


(c) 


(d) 


Formulate a philosophy for the incorporation of economic 
value into the management of the radio spectrum, with 
particular attention to economic incentives to encourage 


maximum information flow in spectrum management. 


Determine what economic guidelines based on sound 
technical considerations are available to relieve con- 
gestion either existing or anticipated on the radio 


spectrum. 


Review economic approaches to the apportionment of 


scarce radio bands among competing users. 


Consider how technological advances may be applied to 
increasing the efficient use of the spectrum with particular 


emphasis on economic costs and benefits. 


Explore economic guidelines to assist spectrum managers 
in apportioning the costs of spectrum management including 


those of frequency reassignment and interference correction. 


(f) Study spectrum management techniques and economic 
incentives to further sound development of more isolated 


points of Canada with particular attention to the North. 


(g) Identify any cases where the introduction of new radio 

services would be facilitated by particular management 
policies or devices. 

As is evident, in these terms of reference, this study is not directed at 
choosing objectives for spectrum management. Accordingly, we are not con- 
cerned with deciding if the encouragement of spectrum utilization, the en- 
couragement of new radio services, the use of either economic, social or 
political guidelines or some mixture of these, should be the objectives of 
spectrum mangement. Rather we are concerned with advising how any of these 
objectives might be achieved. If the spectrum managers want to encourage 
utilization in isolated areas, we suggest ways in which this might be achieved. 
Similarly for any other objective desired, we suggest how it might be achieved. 

The report is divided into 5 chapters. Chapter | discusses: (1) the 
nature of the allocation problem; and, (2) the possible conditions of supply of 
and demand for spectrum which may exist at any point in time and in any region 
or locality. Chapter 2 discusses band reallocation solutions to problems of an 
excess of demand over supply of spectrum. Chapter 3 discusses technical solutions 
to excess demand. Chapter 4 discusses the exclusion of some users as a solution 


to excess demand. Finally, Chapter 5 presents a summary and conclusion. 
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CHAPTER 1 


INTRODUCTION 


1.1 THE PROBLEM: ALLOCATION OF A 
NATIONAL RESOURCE 


1.1.1 Rationale 

The radio spectrum is a national resource. It belongs to all the people of 
Canada, not to any particular individual or group of individuals. The Government 
of Canada, the administrative service which expresses the will of the Canadian 
people, is charged with allocating this resource (among others). 

If allocation were not controlled, and any individual or several individuals 
utilized this resource without respect to the rights of each other or other people 
in the society, chaos would result (a state of entropy). It is apparent, therefore, 
that the underlying objective of resource allocation must be to minimize and/or 
exclude entropy and thus simultaneously maximize the benefits received from the 
resource by the people of Canada. 

These benefits may include economic benefits and/or social benefits. The 
particular relative weight assigned to economic and/or social benefits should re- 
flect the will of the Canadian people. The government, and not these authors, 
must decide the relative importance of these types of benefits. 

We can categorically state, however, that the minimizing or exclusion of 
entropy in the allocation of this resource is the basic management problem. Any 
entropy which occurs is a cost (economic and/or social) to society. By minimizing 
or excluding this cost we simultaneously maximize the benefits received from the 


resource. 


I. By entropy we mean: at any point in time the state of the world and the 
phenomenon within it may or may not be suitable for man's purposes. When the state 
is not suitable the energy and will of man must be applied to create order for his pur- 


poses. Any events which interfere with man's purposes can be called entropy effects 
and are costs or losses to the achievement of those purposes. 
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Historically the allocation of the radio spectrum has been approached 
by dividing it up into "Bands" and specifying the type of use allowed within 
a band. These allocation decisions are critical, for if they do not adequately 
take account of the nature and quantity of future demand for spectrum usage, 
or future technological progress, allocational problems will occur. It is reason- 
able to conclude that: 

(1) if band allocation properly assesses future conditions no problems 

will occur; 

(2) the adequacy of any given band allocation is determined by how 
well it predicts future conditions; 

(3) band allocation is an exercise in planning; 

(4) since the future is not entirely predictable no allocation of bands 
can be viewed as final; and, 

(5) if conditions begin to depart from expectations it is necessary to 
change band allocations sufficiently ahead of demand or technolog- 
ical change to avoid incurring economic or social costs. 

The remainder of this section considers: (1) What are the principles of 

planning; (2) what units (national-regional-local) of planning are available; 


and, (3) what constraints impinge upon the planning of band allocation. 


1.1.2 Principles of Planning 
Allocation of bands is an exercise in planning. Therfore, it is necessary to 
understand what plans are and what basic principles apply to this activity. The 
following quotations provide the basis for understanding the nature of and 
principles of planning. 
"Plans are made to operate in the future. Therefore a key part 
of planning is the establishment of clear planning premises. --- premises 
guide planning. They spell out the ‘stage’ of the expected future events 
which is believed will exist when plans operate. They are the expected 
environment of plans. "! 
"When you plan you choose certain course of action and rule out 
others. Ruling out other actions ties you down and takes away flexibility. 
This can become a disadvantage if the future turns out differently from 
what you expected. Your current plans may no longer be suitable and, if 
they aren't, you'd better make up new ones to adapt to current conditions. 
Try to make up plans that you can change at reasonable cost if you have 
to. It's a bad plan that admits no change." 


The above provides the basic principles required to approach the task of 


allocating bands. 


1.1.2.1. Knowledge of Future Events: Premises 
A state of knowledge or estimate about future conditions affecting the 
allocation of radio spectrum must be developed. Since we cannot predict the 


future we must rely on the best available evidence of what future conditions will be. 


in Koontz, Harold, O'Donnell, Cyril, Principles of Management. McGraw 
Hill Ltd., New York, 1964, p. 70. 


oh Moore, Franklin G., Management: Organization and Practice, Harper Row 


Publishers, New York, 1964, p. 163. 


For spectrum planning two types of knowledge or estimation are re- 

quired. 

(a) Predictions of the future demand for radio usage at any point in 
time, in any region or locality, categorized by type of use. 

(b) Prediction of the future technology which will become available 
to extend or make more efficient the utilization of radio spectrum, 
at any point in the future. As well, estimates of the economic 
costs of developing and using technical advances should be made. 

With premises (a) and (b) outlined above, a plan of band allocation 

may be devised. To be sure, time will probably prove it to be inadequate 
since our premises will not always hold true. Therefore as events turn out to 
be other than expected with the passage of time, the following principle must 


be observed. 


1.1.2.2 Flexibility 

All plans must be flexible if they are to be useful. When conditions 
begin to depart from expectations, adjustments should be made to make the 
plan conform to the reality of the environment rather than attempting to force 
the environment to fit the plan. In other words, entropy will inevitably creep 
into the situation and we must adjust to exclude or minimize its effects. 

The critical factor in flexibility is timing. The earlier adjustments are 
made to changing reality, the greater the probability of minimizing or excluding 


the entropy effects. 


1.42253) bGonclusion 

Good band allocation planning wili ensure the best allocation of radio 
spectrum for the good of the Canadian people at all points in time and in all 
regions and localities. This can only be achieved, however, by the best pos- 
sible inputs of premises to the planning process and the maintenance of a high 
degree of flexibility in adjusting to environmental changes. If the premises 
are poor or flexibility limited, entropy will occur in the form of congestion; 


economic and social costs will ensue which otherwise might have been avoided. 


1.1.3 The Units of Planning 

Historically band allocations have been made in Canada on a national 
basis. | 

If conditions of demand for spectrum utilization are identical in all re- 
gions and localities of the nation the national unit of planning is justifiable. 
Unfortunately, demand conditions for spectrum use are generally different in 
all regions or localities. 

The principle of flexibility in planning to meet conditions of reality, 
forces us to conclude that, within panies constraints, a smaller unit of band 
allocation planning is required. This smaller unit of planning can be achieved 
in two wayele 


1. International constraints are discussed in Section 1.1.4 
2: Further discusssion is found in Section 1.2.1 


(a) Have national allocations but allow variances in different 
regions or localities where conditions are different. 
(b) Use regional or local units as the basis of band allocations. 
Deciding which of these two alternative approaches is better requires in- 
formation about demand conditions, technical, and international constraints. ! 
Although the first approach may be simpler to administer, the second 
may have more merit because it will tend to achieve better adaptation of alloca- 


tion plans to reality. 


1.1.4 External Constraints on Planning 
The discussion in the foregoing sections has assumed that Canada is free 
to make any decision with respect to the allocation of the radio spectrum. 
Unfortunately this is not the case. Radio waves are international in nature and 
joint planning with other countries is necessary to eliminate possible interference. 
There are three levels of constraints on band allocation: (1) worldwide agreements, 
(2) international Region 2 agreements; and (3) bilateral U.S.-Canadian agreements. 
The International Telecommunications Union (ITU) of the United Nations 
deals with universal allocation problems. Their decisions are based on inputs from 
the 125 or so countries forming this union. Arguments for reallocating frequencies 


to new users or uses must be well substantiated, and cannot be made instantly. 


i: This is a term of reference for Telecommission Study 2(h). 
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Even if the allocations are not made worldwide by the ITU, then they are 
at least standardized over a substantial area of the world. Canada is in Region 2 
which consists generally of North and South America, Greenland, and the waters 
adjacent to these lands. These standarized band allocations are essential if harm- 
ful interference is to be avoided. From this point of view, band allocations are 
desirable. From an economic point of view, international band allocation is also 
advantageous. Mass production of equipment can easily be undertaken for both 
domestic and foreign markets once a specific band has been allocated. This design 
of equipment, however, also has a tendency to lock-in the use of a band to a 
particular function, and makes reallocation of a band a severe economic considera- 
tion if much equipment has to be discarded. 

It has been stressed by several people to whom we have talked that there 
is no frequency spectrum shortage in Canada, and there is no foreseeable short- 
age over the next decade or so. The bands talked of as being most congested are 
the mobile band at 150 MHz, microwave bands around major cities, some broad- 
casting bands, power line carrier frequencies, West Coast maritime bands, etc. The 
problem does not seem to be acute, the argument goes, since other bands are 
available for mobile and broadcasting usage, and most microwave systems seem to 
be working at about 20% of their capacity. Accordingly, new users can be easily 
accommodated. But the problem will still be with us and, in fact, spectrum crowd- 
ing and scarcity in some bands is not a domestic problem. It is continental in 


nature. 
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The United States is undoubtedly the highest user (in terms of numbers 
of assignments) in the world. Because of the close proximity of the majority 
of Canada's population to the US border, and the international nature of radio 
waves, both countries have defined an area about 75 miles wide in which co- 
ordination procedures have been developed for practically all frequency bands 
and uses above 30 MHz!. If a taxi company in Buffalo, for instance, requested 
a mobile frequency assignment, the actual frequency allocated would be one 
agreed upon by both the DOC and the FCC. It may be possible for Canada to 
say there is no problem, but the problem exists in the United States. 

The United States will likely reallocate some of their spectrum space to 
accommodate users. In so doing, they will change the nature of some band 
allocations. This change will affect Canada, and the DOC must be prepared 
for the proposed change. In fact, they must be prepared in advance, having 
sufficient knowledge about the problem that they can make counter recommenda- 
tions if necessary. The International Branch of the department must have access 
to the latest information, both technical and economic, in order to adequately 
assess any changes in allocations by the US. Similarly, if Canadian require- 
ments change, agreements with the US must also be effected. These allocations 
must then be approved by the ITU to preserve an orderly communication system 
worldwide. 


ie 600 miles for lower frequencies (30 to 50 MH::), 35 miles for line-of-sight 
microwave. 
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In conclusion, international constraints may in some cases exclude an 
otherwise excellent band allocation plan from consideration. Such constraints, 
however, must be viewed as fixed unless a manner is found to make the rest 


of the world march to Canada's tune. 


fe 2ahe) ooibLE CONDITIONS OF LHE SUPPLY OF 
AND DEMAND FOR SPECTRUM 
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This section of Chapter 1 is based on the assumption that a band al- 
location plan exists. Given this allocation plan, we will consider, for any 
point in time and for any region or locality: 

(1) what possible relationships between the demand and supply 

of frequencies can exist; 

(2) what alternatives for dealing with these possible conditions are 

available and applicable; and, 

(3) what economic factors are relevant to each of the identified 

alternatives. 

A note of caution is required before proceeding with the remainder of 
this section. The economic values, with which we are concerned, do not in- 
clude social benefits or costs which may accrue to the Canadian people from 
spectrum usage. Only the monetary values which affect the users and the 
monetary costs incurred are considered. Side effects or externalities of spectrum 
usage (differences between social benefits and social costs, and private benefits 
and private costs) are discussed in Section 4.3.2.3.1. of Chapter 4. 

1.2.1. The Supply of Available Frequency Assignments Exceeds the Demand 
for Them 

This appears to be the current state of affairs with a few exceptions. ! 


le Possible exceptions may be the 150 MHz mobile Band, Mircrowave bands 
in urban areas, West Coast maritime usage, and in power line carrier frequencies 


in the 30 to 200 kHz Band. 
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The comments received by the study group from users and representatives 
of the Department of Communications would also lead to the conclusion that 
congestion or crowding in spectrum bands was not expected to be a serious pro- 
blem in the near future. For example, there is said to be much available space 
for land mobile usage in the 450 MHz band so in essence we can conclude that 
the supply of frequencies for land mobile usage will be adequate for some reason- 
able period at time. 

When there is an excess of supply over demand two alternatives are 
available: 

(1) do nothing; and, 

(2) encourage more spectrum utilization. 

The first of these requires no discussion. If it is decided (for social 
reasons) that more utilization should be encouraged the following discussion 
applies. | 

The economics associated with an excess supply of frequency assignments, 
regardless of the form or system of allocation (price mechanism; allocation by 
fiat) are found in the following logic. 

All users or potential users who consider the price they have to pay 

(capital and operating costs) for spectrum usage to be less than or at 

most equal to the economic (monetary) value gained by spectrum use 

will, by rational economic judgment, be willing to incur the costs 
associated with use. Conversely, all users or potential users who find 
the price of spectrum usage (capital and operating costs) greater than 


the economic value gained by its use will, by rational economic judg- 
ment, be unwilling to use spectrum. 


Refer to Terms of Reference (f) and (g) on page iv. 
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The only exception to the above occurs when a potential user is unin- 
formed about the benefits of spectrum usage. If he were knowledgeable he 
would be willing to pay the current cost of a radio communication system. 

These conclusions provide two basic alternatives for encouraging the use 
of spectrum. 

(a) Lower the cost of Spectrum Usage 

(b) Promote the benefits of spectrum usage to pick up new users with 
the existing price structure who previously did not recognize the real relation- 
ship between spectrum benefits and costs. 


Each of these is discussed in turn. 


1.2.1.1 Lowering the Cost of Spectrum Usage 
There are two alternatives for lowering the cost of spectrum: 
(1) adjustment of license fees to lower or negative values; and, 
(2) adjustment of technical requirements to achieve a lower 


total cost for spectrum usage. 


1.2.1.1.1 Adjusting License Fees 
Currently the license fees for spectrum usage are less than the cost in- 
curred by the Department of Communications in making spectrum available and 


policing its usage (management, standards, monitoring, interference correction, 


etc.) 


Le: Our discussions with members of the Department of Communications lead 


us to believe that license fees amount to approximately one third of the De- 
partment's costs. 
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It is possible to categorize the range of license fees as follows: 


(1) price (license fee) greater than the cost of its provision and 
and management; 


(2) price (license fee) equal to the cost of its provision and 
management, 
(3) price (license fee) less than the cost of its provision and 


management; and, 


(4) price (license fee) negative (subsidy) where the user is paid 
to use spectrum. 


Two terms of reference of this study deal with the encouragement of 


1 2 


spectrum usage: in isolated areas of the nation’; and, for new radio services“. 
This encouragement, in a situation of excess supply of frequencies over demand 
for them, can be achieved by setting the price of spectrum usage equal to or 
less than the economic value the potential user feels he would receive from 
such spectrum usage. It is probable that, in most instances, the price category 
required for such encouragement (without changing standards) would be (4) - a 
negative price (subsidy). The magnitude of negative price (subsidy) required is 
dependent upon the potential user's evaluation of the economic value he will re- 
ceive from spectrum usage. All cases will be different. The size of negative 
price is also dependent upon governmental policy with respect to the degree 
spectrum usage should be encouraged.” 

Negative prices for spectrum rights implies non-existent or low economic 
iN Refer to Term of Reference (f) on page iv. 


at Refer to Term of Reference (g) on page iv. 
<P Refer to Term of Reference (a) second part on page iii. 
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value for spectrum usage and therefore the benefits must be assumed to be non- 
economic (social-political). Since, in general, this study is concerned with 
the economic aspects of spectrum, discussion of the non-economic benefits ac- 
cruing from spectrum usage, (which would be dominant in determination of the 
degree of negative price) are not discussed in this report. Secondly, such non- 
economic judgments must be determined before estimates could be made of the 
magnitude of negative price required to achieve the degree of usage of spectrum 
desired. 

A final consideration in the encouragement of spectrum usage through 
low or negative prices, is the effect of the form of the subsidy upon spectrum 
utilization. There are several ways in which negative prices could be ad- 
ministered and it is desirable that resource allocation distortions caused by the 
form of subsidy be minimized. 

If a subsidy were paid that varied directly with the amount of spectrum 
used, subsidized users would be encouraged to use all the spectrum they could, 
even if it meant using technically inappropriate ancilliary equipment. These 
subsidized users would be encouraged to use equipment that was extravagant with 
spectrum space. A better form of subsidy would be to pay a fraction of the 
user's total communications cost so as not to incur distortions; the fraction tobe 
paid would depend on the magnitude of the increased communications capacity 
desired. Different potential users of additional communications facilities will be in- 


duced to buy the systems at different levels of subsidy. The proportion of the cost to 
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be paid by the government would ideally be that portion that just induces the 
last required user to decide to "go for" the communication facility. 

Difficulties in estimating the amount of subsidy that would just induce 
each potential additional user to opt for the communication system suggest that 
a uniform subsidy within a given region would be administratively more 


convenient. 


1.2.1.1.2 Relaxing Technical Requirements 

A second alternative for lowering the total cost of spectrum is to relax 
technical requirements or standards so that capital costs of spectrum usage are 
lower, thus encouraging spectrum utilization. Two types of standards relaxa- 
tion present themselves. 

(a) Allow substandard equipment with lower costs. 

(b) Allow users to utilize a frequency for a purpose differentfrom that 

specified for the band. 

Alternative (a) seems a reasonable policy in so far as it can be achieved 
without causing interference to other users. In the isolated areas of Canada this 
form of encouragement would probably be feasible. It is only reasonable that the 
user be required to bear any risks that may be associated with the use of sub- 
standard equipment: e.g., (1) poorer quality communication; and/or (2) a chance 


that as conditions change and new users arrive he may be forced to upgrade. 
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Alternative (b) will arise less frequently. Presently, however, the DOC 
has permitted the use of frequencies in the 450 Mhz land mobile band for 
radio relay systems in isolated areas. This relaxation permitted the user to 
substantially reduce his capital costs. The use of microwave frequencies would 
have been more costly because more expensive radio equipment, antennas and 
supporting towers would have been necessary. 

Relaxation of standards is most certainly a good policy when it doesn't 
cost (economic or social) anything (no entropy). It is most definitely in agree- 
ment with the principle of "Flexibility" in band allocation planning. A re- 
straint on its implementation must be that when conditions change the standards 


must be altered. This is also consistent with the principle of flexibility. 


1.2.1.2 Promoting Spectrum Benefits 

It is reasonable to assume that imperfect knowledge about the economic 
and social benefits of spectrum usage exists. Thus there would be potential 
users who, if they completely understood the benefits, would choose to utilize 
spectrum at its present total cost (equipment and license). In order to encourage 
the use of spectrum these potential users must be informed of the real benefits 
they would receive from its use. 

This logic suggests that an alternative for encouraging the use of spectrum 
is the development of a good educational and promotional campaign to decrease 
the amount of ignorance about the benefits of spectrum usage. To the degree such 


a promotional campaign persuaded some potential users that the benefits of spectrum 
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usage are greater than the cost they would incur, spectrum utilization will be 


encouraged. 


1.2.1.3 Conclusions: Supply Exceeds Demand 
When the supply of available frequencies exceeds the demand for them, 
at any point in time and/or in any region or locality, the plan must be okay 
(at least at that time or in that region) since no problems are being encountered. 
When this situation occurs, a policy question must be answered; do we 
want to encourage greater spectrum utilization? If the answer is 'No' then no 
action will be required. If the answer is 'Yes', the following alternatives 
present themselves. 
(a) Lower the Cost of Spectrum 
(a}) Adjust license fees downwards 
(a9) Relax technical standards 


(b) Promote Spectrum benefits. 


A Flow Chart of alternatives applicable to a Non-Scarcity 
condition and a Decision-Tree of its implementation are 
found on the following two pages. 
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allocate bands 
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DECISION TREE - NO SCARCITY 


ibe Decide whether spectrum use will be encouraged. 


25 If yes: decide to what degree and by what method as 
shown on Flow Chart. 


3, Implement your best social and political choice. 


a2 
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1.2.2 The Demand for Frequency Assignments Exceeds the Supply 


At any point in time, and/or in any region or locality, (under a given 
band allocation plan), the demand for spectrum may exceed the supply of 
available frequencies. Our discussions with spectrum users and representatives 
of the Department of Communications indicate that this situation is not generally 
encountered today in Canada. Our terms of reference, however, require that 
we deal with this eventuality. Recent experience and projected trends in the 
demand for spectrum indicate that excess demand is a likely condition in the 


future. 


1.2.2.1 The Alternatives 
When situations of excess demand over supply are encountered, four 
alternatives, which may be implemented singly or in combination, present 


themselves. 


Band Reallocation 


Admit that the band allocation plan did not successfully 
predict events, nor did it maintain a sufficient degree 
of flexibility, and on the basis of updated premises and 
predictions, reallocate the bands. 


B. Extend Usable Spectrum Space and/or the Efficiency of 
its Utilization Through Technology 


By applying new technology (at some cost) increase the 
supply of usable spectrum and/or the efficiency of its 
utilization. 
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Exclude Users on the Basis of their Economic Value for 
Spectrum Use 


On the basis of the different economic value (benefit) 
obtained from spectrum use, achieved by different 
users, exclude those whose benefits are small. 


Lower the Quality: Allow more Interference 


Accept new user even though the quality of com- 
munication will decrease because of heightened 
interference problems. 


Alternative D. will be discussed in the remainder of this section. Because 
alternatives A., B. and C. are more complex and require more extensive treat- 
ment, each is provided a separate chapter of this report. Alternative A., Band 
Reallocation, is discussed in Chapter 2. Alternative B., Changing Technology 
and Standards is discussed in Chapter 3. Alternative C., Excluding Users on the 


Basis of Economic Value of Use, is discussed in Chapter 4. 


1.2.2.2 Alternative D. Lower the Quality: Allow more Interference 

Although some may judge this alternative to be undesirable, for non-eco- 
nomic reasons, there may well be eitotion: where, economically, this would be 
the best alternative to employ. 

When demand exceeds supply, allowing new users spectrum rights implies 
that greater interference levels will be experienced. Users may or may not find 


these new levels of interference acceptable. Three types of situations can occur. 
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(a) The user experiencing increased interference (lower quality 

communications) may find it has no effect upon the economic 

benefit he receives from spectrum use. 

(b) The user may find his economic benefit has been reduced 

by higher levels of interference butthe benefits still exceed 

his cost of spectrum use. 

(c) The user may find his economic benefit has been reduced 

by higher levels of interference to such an extent that his 

costs now exceed the economic benefits. 

Therefore, if new users are crowded into the spectrum and all users 
experience situation (a) no entropy costs have been incurred. No loss in 
economic benefits to the users or the country will be encountered. If, how- 
ever, some users experience situation (b) (but not (c)), some economic losses 
occur. The magnitude of these losses, which we will call Type I losses, should 
be compared to the foregone revenues of not allowing the new users to employ 
spectrum (these foregone revenueswe call Type II losses). If Type | losses are 
greater than Type II losses, their difference is the cost of this alternative for 
solving the excess demand problem. This cost should be compared to the costs 
of Alternatives A., B. and C. The alternative with the lowest cost should be 
chosen. 

Finally if users experience condition (c) from a lowering of standards 
the difference between these Type | losses and the Type II losses (benefits 
foregone by excluding additional users) is the cost of employing the lowering 


of standards alternative. Again this must be compared to the cost of A., B. 


and C. solutions to excess demand. 
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In conclusion, the lowering of standards is a viable alternative for solving 
a problem of excess demand. It should only be chosen however, when the 
economic costs of this solution are less than the costs which would be en- 
countered for any of the three other alternatives; reallocating bands, applying 
technology, and excluding users on the basis of the economic value they re- 
ceive from spectrum. 

A decision-tree for this alternative for dealing with excess demand is 
found on the following page, while its relationship to the excess supply con- 


dition is found on the flow-chart on page 21. 


DECISION TREE - LOWERING QUALITY: 
ALLOW MORE INTERFERENCE 


Estimate the costs of employing this solution: The 
difference between Type | and Type II losses. 


2 Compare cost with alternatives A, B and C and if 
lower, implement. 


on 


CHAPTER 2 


BAND REALLOCATION 


[Alternative Al 
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The discussion of the reallocation solution to excess demand can be made 
brief for two reasons. First, the principles of band allocation have been discussed 
in Chapter 1, Section 1.1, and it would be redundant to repeat them here. Second, 
the economic considerations which are involved with the reallocation solution are 
conceptually simple and require no extensive discussion. 

This chapter is organized into 2 sections: (1) procedure and inputs required 


for band reallocation; and, (2) a scheme for handling the costs of reallocation. 


2.1 Procedure and Inputs Required for Band Reallocation 
With an understanding of the principles of planning (Chapter 1, Section 1.1) 
the following steps and kinds of information are required to reallocate the Bands. 
Within the international and Region 2 constraints, and known technological 
constraints, follow the Flow Chart and the procedure of the Decision-Tree on the 


next two pages. 
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Decision=Tree —- Band Reallocation 


(a) Determine the current state of spectrum utilization for all 
bands by type of use, in all regions and localities. 


(b) On the basis of the best information available, predict the 
technological advances which are, or will become available 
to increase the supply of usable spectrum. 


(c) On the basis of the best information available, predict the 
future demand for spectrum space by type of use for all regions 
and localities. 


On the basis of (a), (b) and (c) above, develop a reassignment 
of bands which achieves the best fit with current and expected 
events and also preserves the highest possible degree of flexi- 

bility should events turn out differently than expected. 


Determine the costs that will be incurred: (I) through any 
adjustments in equipment, required of users, to meet the 
requirements of the new plan; (2) for research and develop- 
ment required to implement the plan; and, (3) for the 
Department of Communications to administer the implementation 
of the plan. 


If the costs of reallocation are less than alternatives B, C and 
D choose reallocation as the solution to excess demand. 


If A is the least expensive alternative, devise a scheme for 
apportioning the costs of the reallocation. 


82 
It is beyond the terms of reference of this study to provide the inputs of 
(a), (b) and (c) | Without these inputs (2) and (3) cannot be accomplished. 
Until (3) is known (4) cannot be accomplished. Therefore we cannot discuss 
band reallocation further at this point. We will, however, address ourselves to 
(5), apportioning the costs of reallocation, as it is not dependent on the previous 


steps. 


1. We understand the (a), (b) and (c) are part of the terms of reference 
of Telecommission Study 2(h). Therefore their findings can be considered as 
inputs to the integrated plan presented in this report. 
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2.2 Apportioning the Costs of Band Reallocation | 


Since costs incurred by band reallocation are entropy costs, it does not 
follow that those who stand to gain from the reallocation should bear the cost. 
Entropy costs provide no benefits. They are dysfunctional and could have been 
avoided if it were possible to predict the future accurately. It is desirable, 
therefore, to find some other rationale which provides a basis for apportioning 
these costs. 

A philosophy which may provide a basis for apportioning these costs is 
found in the following logic: 

Costs of reallocation are entropy costs. They are 

incurred because a band allocation plan did not adequately 

predict future events nor adjust flexibly to changing conditions 

in time to prevent entropy from occurring. We cannot blame 

the spectrum managers since no man can predict the future. 

Since the future is unpredictable, we need an insurance scheme 

which shares the risks associated with such unpredictability. 

Such sharing of risk reduces the size of economic burden we 

may have to shoulder at any point in time. 

Some few users may be willing to bear these risks rather than participate 
in an insurance scheme but generally we think most users would not. Therefore, 
most users will probably assent to the idea of an insurance premium to build a 
fund out of which reallocation costs would be payed. As an example, a 


$10.00 per year/per license insurance premium would provide $2,000,000 per 


year to such a fund with 200,000 issued licenses. 


iF Refer to Term of Reference (e) on page iii. 
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This insurance concept, to spread the risks of entropy costs such as 


1 


reallocation, applies equally well to the costs of interference correction ° and 
applying technology as a solution to excess demand. 2 

It may be desirable to specify a maximum size for such a fund. When this 
maximum is reached, the insurance premiums could be discontinued. Alternatively, 
the premiums could be continued (perhaps at a reduced level) and the excess 
funds could be used for research and development in communications or for the 


subsidization of spectrum usage in isolated areas or for subsidization of new radio 


services 3, 


LL LE Et SSS 


iP Refer to Term of Reference (e) on page iii. 
Ze Refer to Term of Reference (d) on page iii. 


oF Refer to Terms of Reference (f) and (g) on page iv. 
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3.1. Introduction 
This chapter presents another major alternative for dealing with excess 
demand |, When there is an excess demand for available frequencies required 
by some use, the application of technology to the problem can be used to 
accommodate more users. This type of approach to the excess demand condition 
provides two alternatives which may be employed singly or in combination. 
(a) Increase the Supply of Available Frequencies 
Application of technological advances can be used to reduce 
bandwidth requirements within a band, thereby permitting channels to 
be spaced closer to each other. Consequently, spectrum space is 
available to be assigned as a new supply of frequencies. Alternatively, 
presently unassigned frequencies in the further reaches of the spectrum 
could be allocated to the use. 
(b) Make Efficient Use of a Given Supply of Frequencies 
This approach identifies possible techniques for increasing the 
number of users in a given band by making more efficient use of the 
frequencies which are presently available. 


Each of these approaches is discussed in the light of some current technological 


advances 
1. Term of Reference (d) on page iii. 
25 It is our understanding that Telecommission Study 2(h) will provide com- 


prehensive information about technological advances. This information will be 
useful in implementing the decision procedure of this Chapter. Specific advances 
or areas in which advances may be anticipated are mentioned in this Chapter but 
they should not be considered an exhaustive identification of technological 


prospects. 
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3.2 Increase the Supply of Available Frequencies 
When the demand for frequencies for a specific use exceeds the supply 
more frequencies can be obtained by applying technology in two ways: 
(a) by developing further reaches of the spectrum; and 


(b) by increasing the supply of frequencies within a band. 


3.2.1 Develop Further Reaches of the Spectrum 

When a band has become crowded, the demand for spectrum space can be 
satisfied by offering frequencies in a region of the spectrum that is presently 
unassigned. Theoretically, the spectrum is infinite, and hence all allocations 
can be satisfied. Practically, only a limited number of frequencies are available. 
Though research and development is continually exploiting new reaches of the 
spectrum, usually only those frequencies just beyond the presently allocated 
spectrum are being developed | The cost of moving users to these limited number 
of practical frequency assignments will have to be assessed. The economic 


considerations of such a move are detailed in section 3.4. 


1% For example, band allocations have been assigned for all regions of the 
spectrum up to 40 GHz. Beyond this, no allocations have yet been made. However, 
extensive research is being conducted in the so-called "sub-millimeter” bands 

(10-80 GHz) and with lasers in the 100 GHz region of the spectrum. Laser tech- 
nology is sufficiently advanced that some commercial companies are carrying on 
extensive experiments to prove out the technical and economic efficiency of carrying 
communications with lasers. Frequency assignments are therefore a reality in a 
presently unassigned area of the spectrum. 
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Research and development in these presently unassigned bands will 
ultimately permit more users to be accommodated on the spectrum, and accordingly 
any development which looks promising should be encouraged. In order to 
evaluate these new developments, the spectrum manager must have access to the 
best knowledge available from research groups in industry, academic and 
government agencies. The encouragement of promising developments might also 
imply that the Department of Communications would initiate some particular 
research and development through suggestions to their own research laboratories 
or to other research agencies (or even by direct subsidy to a research group) in 
order to evaluate the practicability of these new concepts. 

We understand that most new developments in this area of the spectrum 
will be described by other study groups of the Telecommission. This should be 
the beginning of an extensive data bank of new technological advances which 
can be used by the spectrum managers as an input to the decision process. The 
costs involved in research and development should be obtained simultaneously in 


order to apply the management decisions outlined in this Chapter. 


3.2.2 Increasing the Supply of Frequencies Within a Band 

Once a band has become crowded it is technically possible to increase 
the available supply of frequencies within that band by narrowing the bandwidth 
required for each communicating system within the band. This can be accomp- 


lished in two ways: 
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(a) by improving the equipment, and 
(b) by changing the mode of transmission. 
Once the individual channel bandwidths have been narrowed, more channels 
can be accommodated in the same band. The supply of frequencies available for 


allocation has then been increased. 


3.2.2.1 Improving the Equipment 

In most bands, equipment standards can be upgraded (for both the trans- 
mitter and receiver) by using more selective circuits, better filters, and circuits 
giving long-term frequency stability. Modifications to present antennas, and new 
antenna designs can also reduce bandwidth requirements in some regions by reducing 
spurious emissions which may be cluttering other frequencies. Equipment improve- 
ments can be made in either, or both, the electronics and the antennas. 

Generally, these improvements imply a higher cost for the equipment; 
however, newer design concepts (active filters, for instance) using computers as 
the design aid with their capabilities of handling a large number of parameters, 
will tend to produce these better circuits at lower cost than present trial and 
error methods (a necessity with approximations to theory). The advent of solid- 
state technology in integrated circuit form is also allowing the design of 
sophisticated, reliable, and more accurately controlled communications equipment. 

The use of modern technological advances of these types can produce 


inexpensive equipment, usually of a better quality (at least at lower frequencies). 
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Equipment improvements achieved by these approaches may successfully reduce 

bandwidth requirements. Generally, these improvements will be of the order of 
a 5 to 10% reduction in the bandwidth required for an individual user. Overall, 
the band allocation will then have a 5 to 10% increase in the number of possible 


frequency assignments. 


3.2.2.2. Changing the Mode of Transmission 

Another technical alternative to increasing the supply of available 
frequencies within a band (and probably the most effective in terms of the 
percentage increase in a great many cases) would be to change the mode of 
transmission. This alternative has been used in the past in two major regions 
of the spectrum. 

The mobile bands (at 150 MHz and 450 MHz) were required, over the past 
few years, to reduce their bandwidth requirements from 120 kHz to 30 kHz by 
adopting what is commonly called a "narrow-band FM" transmission mode. 

(The original 120 kHz bandwidth would be a "wide-band FM" transmission) . 

In so doing, a factor of 4 increase in the useable spectrum space was achieved. 
The bandwidth in these regions of the spectrum could be further reduced by another 
factor of two if desieds Altematively, the FM (or frequency modulation) 

mode of transmission could be changed to AM (or amplitude modulation) 


accomplishing a reduction by a factor of 5 over the present 30 kHz bandwidth. 


1. Equipment has been developed in England using the FM mode which accomplishes 
this further reduction (I5 kHz bandwidth) with equivalent quality. 


4] 


The fact that one band has traditionally used FM transmission should not preclude 
the possibility of switching to AM. The quality of the received signal may 
be less but, for the particular use, the superior quality of FM may not be required. 
The possibility of changing the mode of transmission should not be overlooked. 

Single sideband transmission (SSB) has been introduced in many bands 
below 30 MHz which were previously operating in a double sideband mode. This 
change in the mode of transmission effectively doubled the space available 
for assignments. SSB transmission could be applied to other bands as well. 

In some regions of the spectrum, bandwidth compression is a new technology 
that could be applied to reducing the spectrum space requirements of a user, 
and hence more channels could be made available. However, in general, 
bandwidth compression is usually more efficiently used in conjunction with 
sharing, and accordingly this is discussed in Section 3.3.3. 

Most communications are transmitted today using analog signals, and 
either amplitude or frequency modulation. While these characteristic modes 
of transmission will be used for a very long time, newer digital techniques are 
quickly becoming the best way to transmit data, security voice channels, 
facsimile information, video signals, and similar high quality communications, 
particularly in the higher frequency regions of the spectrum. The various types 
of digital transmission (pulse code modulation, frequency keyed shifting, etc.,) 
offer the prospect of bandwidth savings but usually through a more efficient use 


of the spectrum. Generally, these techniques are more applicable to the 
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channel sharing concepts discussed in Section 3.3.3, but in some regions of the 
spectrum, single-user digital transmission may be attempted. There is a possibility of 
a saving in bandwidth in such transmission, and this should be evaluated. 

Changes in the mode of transmission would generally have to be implemented 
simultaneously for all users in a given region in order to effect an orderly change- 
over without severe interference problems. This would probably require specifying 
an exact time for the changeover, and allowing users to accumulate the necessary 
equipment in advance. Any change of this nature will incur some costs. If such 
a change is initiated by the spectrum manager, some of the costs might be borne 


by the insurance scheme mentioned in Section 2.2. 


3.3 Efficient Use of a Given Band or Channel 

As an alternative to increasing the supply of frequencies within a band, 
more users can be accommodated in a given bandwidth by the following three 
methods. These are: 

(a) reduce power radiation, 

(b) modify equipment and/or antennas, and 

(c) share channels. 

The efficient use of a given bandwidth is the area of spectrum management 
that is receiving the major thrust of technological innovation, particularly in the 
techniques of sharing with several users. Methods (b) and (c) will tend to have 
research and development costs associated with them. However, new advances 
in these areas will add to the data bank of useful knowledge, and the ultimate 


cost of implementing the changes may be small. Promising developments should 
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be encouraged, and might be supported through the insurance scheme described 


in Section 2.2. 


3.3.1 Reduce Power Radiation 

When an area of spectrum is crowded there is usually a high level of 
interference. In an attempt to receive a better signal, some users will increase 
their effective radiated power. (Generally, this power increase must be approved 
by the licensing agency). This simply causes more interference in the region in 
terms of intermodulation products, etc. The electrical "noise" in parts of the 
spectrum may be so severe that some channels are never assigned. The channels 
are available, but the realities of electromagnetic radiation, harmonic generation 
by transmitters, and other effects, precludes their use. In an attempt to use all 
the channels efficiently, the reduction of power radiation by all users in the band 
would reduce the general level of interference.! The reduction of interference 
should allow more users into the band since the marginal increase in radio noise 
would be slight if any new user was also required to maintain a low power station. 

This technique was effectively used recently in the Montreal area in the 
150 MHz land mobile area. A general aera in the power output of all the 
users allowed several more users into the band. 

Interestingly enough, if all the users in a band adopted digital transmission 
of signals, the power requirements could be reduced even more, since digital 
signals are less subject to noise levels. More users could then be accommodated. 
ie For land mobile communications, this would imply a lower range of signal 
coverage, but the original range may be retrieved by suitable low power repeater 


stations. Obviously this would involve a cost to the user in that extra equipment 
would be required. 
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Naturally, any change to digital transmission will involve heavy commitments in 
new equipment. 
There is a lower limit to the effectiveness of this alternative, of course. 
Generally, the power radiated is determined because of a desire to communicate 
information reliably to a certain region. The same reliability may not be obtained 


with a reduction in the power radiation. 


3.3.2 Modify Equipment and/or Antennas 
High levels of interference define what is meant by a crowded spectrum. 
In some areas of the spectrum, equipment modifications would permit use of unused 
channels. In the television bands, for instance, improvements in the receivers alone 
would allow adjacent channel usage within the same geographical area. This would 
almost double the number of users that could be accommodated. Presently, adjacent 
channels are not assigned to potential users because the interference between these 
channels is too high to be acceptable to the viewer. The channels are available, 
but they are not being used efficiently. The major reason for this state of affairs 
is poorly selective filters presently used in cheaper receiving sets. There are no 
stringent regulations requiring more selective circuits in the receiver. Obviously, 
without such a regulation, a manufacturer will design the cheapest filter possible 
in order to produce a competitively priced product. In this case, a relatively 
simple improvement in equipment can offer a potentially more efficient use of the 
available channels, but the cost of modifying existing sets would be expensive. 
Another interference problem commonly encountered is the use of poor filters 


in the transmitter. The resulting “noise” causes some other channels fo fall into 
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disuse. Improving the equipment will eliminate this cause of interference and more 
users may then be accommodated. Naturally, some cost is associated with any 
improvements of the equipment. 

In some areas of the spectrum, directional antennas, and antenna sites 
containing multiple antennas would lead to a more efficient utilization of the 
spectrum. Specific planning of multiple antenna sites would allow accurate prediction 
and reduction of interference produced from the various antenna radiation patterns. 
This approach would probably allow more users to be accommodated than the present 
relatively random approach of allowing the user to choose his own site. The effect 
of new users' antenna patterns when added to such a site may now be reliably 
predicted with the aid of computers!. This capability could be used to extend the 
present capacity of the DOC computer which presently only roughly estimates 
pattern shapes. 

Directional antennas would allow the use of the same channel by several 
users if they were carefully placed. This concept is useful in some bands, but 
could not be used in areas where a general overall coverage is required by a user. 

Occasionally, interference problems are caused by poorly maintained 
antenna sites where rusting of the antenna mounts causes spurious radiation. A 
simple cleaning of the antenna, or bypassing of the joints, will improve the general 
situation. The lower interference levels which result will allow more users in the 


band. Obviously locating this problem will require a monitoring function by the 


spectrum manager. 


ike Sinclair Radio Laboratories, Toronto, has developed a computer program for 
this purpose. 
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With effective monitoring, and sometimes modest equipment improvements, 
a more efficient use of the available channels within a band can be obtained. The 


economics involved in adopting any of these alternatives are discussed in Section 3.4. 


3.3.3 Sharing a Channel 

Many schemes have been proposed for increasing the use, per unit of time, 
of a given channel. Though other schemes are possible, including combinations of 
those given below, the following list is illustrative: 

(a) Time Division Multiplexing (TDM) 

(b) Digital Coding of Messages (Coding) 

(c) Simple User Sharing 

(d) Priority Messages through a Queueing Theory Approach (Priority) 

(e) Orthogonal Transmission 

(fF) Bandwidth Compression 

(g) Utilizing Propagation Data 

Many of these channel sharing techniques use digital transmission concepts. 
The transmission of digital data generally implies a large bandwidth. This may seem 
wasteful of spectrum space, but generally more information can be carried in the 
allotted bandwidth than splitting it up into several channels each having a smaller 
bandwidth. With appropriate coding, messages can be sent to a multitude of users 
in a shared channel using digital transmission without interference. The message is 
received only by the appropriately coded receivers. Digital transmission may in 
fact make the channel concept as we now know it obsolete, perhaps requiring 


licensing changes. 
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Bandwidth compression techniques ((f) above) are designed to eliminate 
redundancy in information that is to be transmitted. As the name suggests, less 
bandwidth is required to transmit the same information. However, in order to use 
the technique effectively, several messages, all of which have been compressed, 
are transmitted over the original channel. A more efficient use of the channel is 
thereby obtained. 

Most of the techniques of channel sharing are designed to provide an optimal 
mix of users in a band at any one time. The reasoning is that by sharing channels 
equally amongst users (generally based on the time usage), a more efficient use of 
the available supply of frequencies is obtained. Technically, it is possible to measure 
the time duration of messages, and arrange channel sharing appropriately.! Problems 
occur, however, when the quality or importance of a message has to be evaluated in 
order to give priority to a message. Determining the quality of a message in terms 
of its economic value to a user should be distinguished from the technical quality of a 
signal. A detailed discussion of the quality of messages is covered in Section 4.2.2. 

The problems of determining the importance of a message seem to be being 
undertaken in an experimental program being conducted by the FCC in the United 
States. A task force is presently evaluating a time-shared system for the land mobile 
bands in Chicago. The channel sharing scheme employs extensive monitoring and 
priority message evaluation to determine who gets to use the spectrum at a given 
ie It has been suggested at some meetings that a record of the quantity of messages 
gives a measure of the value of the spectrum to a user. In fact, some carriers charge 
customers by time usage, or the quantity of messages, and this is taken to be a measure 
of spectrum value. Actually, all one can really conclude is that most users who are 


willing to pay on a quantity basis are probably receiving a higher economic value 


(return) than the cost of the service. This point is discussed further in Section 4.2.1. 
and Appendix A. 
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instant. In this case, extensive management costs are incurred. 

The use of propagation data (the effects of atmospheric conditions on the 
propagation of radio waves at certain frequencies in the spectrum) to maximize the 
probability of receiving signals at all times during the year is employed in communi- 
cations to Canada's north. The unique propagation characteristics over our nothern 
regions are well documented, and computer programs are available that predict the 
best frequencies to use at any time during the year. Instead of assigning a fixed 
frequency to one user, several frequencies are shared by a group of users. The users 
switch frequencies amongst themselves depending upon the computer predictions for 
that frequency's probable propagation. Users usually receive the best frequency for 
their message transmission. Hence, method (g) above is a possible channel sharing 


technique permitting a more efficient use of the spectrum. 


3.4 Economic Considerations 
The economic aspects of technological alternatives for dealing with excess 
demand are of two types. 
(a) Those costs incurred to make the technology a feasible reality 
(R and D). 
(b) Those costs which would be incurred in implementing the changes 
required by any of these technical alternatives: 
(b]) capital costs of users to adjust to new requirements; 
(b9) the administrative costs of the Department of Communications 
incurred in managing the spectrum. 


Therefore, the cost of any one or all of these alternatives is the sum of 
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research and development, user capital adjustments, and Department of Communications 
administrative costs. These costs must be calculated or estimated and compared to 
alternatives to decide upon the desirability of this approach to the problem of excess 


demand. 


3.5 Conclusion 

Many alternatives for dealing with excess demand are provided by the application 
of technology. In order to determine the best solution, the costs of each technological 
solution must be compared to identify the cheapest alternative. Then the cost of this 
best alternative must be compared with the costs of Alternatives A, C and D. If it 
is lower, it is the best available solution to the problem of excess demand. 

A Flow Chart and Decision Tree applicable for this approach to the excess 


demand condition are found on the following two pages. 
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Decision Tree - Extend Space and Use Through Technology 


Alternatives 
(a) Increase Supply of Available Frequencies 


aq Develop further reaches of the spectrum 
a5 Increase space within bands 

a2; improve equipment 

a2i; change mode of transmission 


(b) Increase Efficiency of Bandwidth Use 


b Reduce power radiation 
bo Modify equipment and/or antennas 
b3 Share channels (following methods or others 
b3; TDM 
b3:;; coding 
3:;; simple sharing 
b3;, priority sharing 
29 orthogonal transmission 
b3,; | bandwidth compression 


propagation data 


Estimate cost of each alternative: 
R & D, plus user capital cost, plus D.O.C. costs 
(management). 


oF Compare the costs of each alternative to identify 
the least costly. 


Compare identified lowest cost alternative with the 


costs of alternatives A, C and D. If lower, implement. 
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Three altematives for dealing with an excess of demand over supply 
have been discussed in the previous parts of this report. This chapter considers 
the fourth and last altemative; excluding users on the basis of economic value 


for spectrum usage. Our discussion of this altemative is divided into four 


sections. 
(1) Assumptions and Rationale 
(2) Possible Criteria of Economic Value 
6) Alternative Methods of Measuring Economic Value 
(4) The Relative Value Concept: How to Use Economic Value 
to Exclude Users. 
4.1 Assumptions and Rationale 


Term of reference(b) on page iii set out a major objective of this study; to 

"determine what economic guidelines, based on sound technical considerations, 

are available to relieve congestion either existing or anticipated on the 

radio spectrum". Since this directive does not include reference to guidelines 
other than economic (social, political, cultural, etc.), this discussion proceeds 
without reference to them. As has been previously mentioned, we do not deny 

the existence of such other guidelines or factors but discuss them separately in Chap- 
ter 4, Section 4.3.2.3.1. In order to fulfill the directive of(b), therefore, 

we will assume (for the purposes at hand) that the economic value of spectrum 


usage can be used as the sole measure of the total value of spectrum usage. 
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A second factor which must be considered before proceeding to the task 
at hand is to clarify the position of the so-called "Essential Services". Police, 
fire, ambulance, and government users of spectrum differ from "commercial" 
users in that their budgets are generally determined by social criteria. It is 
possible to employ some limited forms of cost-benefit analysis to their operations 
but generally this is not done. Only very modest attempts are made to evaluate 
their service in terms of the economic benefits derived therefrom. We conclude, 
therefore, that since the decision to allocate frequencies for use by the "essential 
services" is not made on the basis of economic values, they must be excluded 
from the analysis which follows!. We emphasize that this discussion is limited to 
a consideration of economic guidelines to relieve current or anticipated congestion. 
Finally we assume that the approach of relieving congestion by denying spectrum 
to those users with the lesser economic benefits from its usage is a politically 
acceptable alternative. If it is not, the remainder of this chapter is inapplicable. 

The following parts of this chapter will attempt to answer the following 
question: "When allocations of an essential nature have been made in a congested 
band, how can the economic (not social or otherwise) value of spectrum usage be 
measured and used to allocate the remaining available frequencies, and what is the 
cost of this alternative for dealing with a situation of excess demand?" 
1. Note: This implies that essential services will always be assigned spectrum 


and that the use of economic criteria to exclude users in situations of excess 
demands applies only to non-essential users. 
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4.2 Possible Criteria of Economic Value 

What economic values (benefits) do users receive from spectrum utilization? 
More explicitly we may ask; "is there something we can measure, which is the 
same as the economic benefit of spectrum usage?" It is necessary to define 
economic value before we can suggest ways to measure it. 

In our discussion with user groups, three possible concepts of economic 
value were suggested. 

(a) The quantity of messages communicated by the user. 


(b) The quality (value of content) of messages communicated by the 
user. 


(c) The incremental effect of spectrum usage on the revenue statement 
of the user. 


Each of these is discussed in turn. 
Ag2el. Quantity of Communication 
The quantity concept of spectrum usage benefit essentially posits that the 
value is dependent upon the number and length of messages transmitted. It is 
relatively easy to dismiss this proposition with common sense logic. 
(a) Messages have different economic consequences for the sender 
or receiver even though they may be equal in number or length. For 
example, a message of I0 seconds duration by a dispatcher for a taxi 
company may result in approximately $1.00 to $5.00 revenue to the 
company. However, a message of 10 seconds duration by the 


dispatcher of a cement company may save one load of cement 
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worth $75.00 which otherwise would have been lost. It is easy 
to devise examples where the economic disparity is far greater. 

(b) Even if the economic value of messages per unit of time were 
identical, a monitoring system would be required to measure the 
number and length of each users' messages in order to utilize this 
concept to allocate frequencies or assess the magnitude of license 
fees. This procedure is not feasible and therefore denies the 
utilization of the quantity concept. 

We conclude therefore that the quantity concept of economic benefit 


from spectrum utilization is both invalid and impracticable. 


4.2.2 Quality of Communication 

The quality concept posits that the economic value of spectrum usage is 
dependent upon the economic quality (content) of the message transmitted. The 
validity of this concept cannot be disputed. As our example for the quantity 
concept demonstrated, each message of a user will have some economic monetary 
value associated with it. It must be concluded, however, that the quality 
concept, although valid, is not a noterenis concept of economic value for the 
following reasons. 

(a) It is not possible to determine the monetary value of all messages 


to the user without involving judgmental factors. For example, if the 


Dy 


message is one which allowed the user to avoid an event with 

monetary consequence (e.g., a power utilities automatic fault 

correction system) it is necessary to estimate what the events' 

economic cost would have been if the message had not been 

communicated - a Herculean task. 

b) In order to utilize the quality concept, a monitoring system 

would be required, not only to measure the number and length 

of messages transmitted by each user, but also to ascribe a mone- 

tary value to each message. This in our view, is not practical. 

We must conclude, therefore, that although the quality concept of eco- 
nomic benefit appears valid, it cannot be utilized practically for the purpose 


of allocating frequencies or assessing license fees. 


4.2.3 The Incremental Effect of Spectrum Usage on the Revenue Statement 


of the User 


This concept posits that the value of spectrum usage is equal to the total 
incremental effect of spectrum usage on the revenue of the user. Expressed dif- 
ferently, a user would be economically rational to pay any cost (price) of spectrum 
usage (capital and operating costs) up to that value which is just equal to the rev- 
enue generated by the use of spectrum. Simply put, the value of spectrum is the 
revenue that can be earned by its use. 

It does not appear possible to fault the validity of this concept. It is, in 


essence, the sum of the values of each message sent which was shown in the previous 
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section to be a valid concept. The important question now is; "how can 
we measure the economic value of spectrum usage expressed as the revenue that 
is received because of spectrum utilization?" The following sections attempt to 
identify the alternatives available for this task and assess their practicalities. 
4,3. _Alternative Methodologies for Measuring Economic Value 

We need to measure the economic value of spectrum use achieved by 
each user. Two basic alternatives present themselves; 

(a) Centralized management evaluation ( presumably by D.O.C.) to 


decide the economic value. 


(b) Decentralized market mechanism. 
Aedes Economic Value Determined by Management Decision 


Within this approach are two sub approaches; 
(a) Direct Assessment of Economic Value: 


Raise License Fees. 


(b) Indirect Assessment of Economic Value. 
AO Direct Assessment of Economic Value: Raise License Fees 


When an excess of demand exists, users will be willing to pay a higher 
price for spectrum use if the cost to them is lower than the economic value they 
receive from its use. Those users with low economic value from spectrum use will 
move to alternative systems when the cost is increased. Therefore, for each increase 
in the license fee, those users who then find the price of spectrum exceeds its 


benefits will drop out. In order to match demand with supply, the level of license 
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fees should be raised so that the number of users remaining just equals the supply 
of available frequencies. This method will always ensure that the highest value 
users receive the available supply of frequencies. 

The cost of this approach to dealing with excess demand is the total of 
the foregone benefits: i.e. the sum of the economic values for spectrum use of the 
excluded users minus the sum of the benefits they receive from the next best 
alternative communication system. 
4.3.1.2 Indirect Assessment of Economic Value 

If raising license fees is politically unacceptable, there are two ways of 
indirectly measuring the value of spectrum use and using the values measured to 
exclude users as required. These are: 

(a) Economic value as determined by expert opinion; and, 

(b) Experimental simulation of users economic benefits. 
4.3.1.2.1 Economic Value as Determined by Expert Opinion 

The use of one or several experts to determine the economic value of 
spectrum usage is perhaps the conceptually simpler alternative. It is, as well, an 
approach which provides a great number of choices with respect to the composition, 
structural arrangements and procedures to be employed by the experts. This 
discussion does not attempt comprehensive coverage of the multitude of ways in which experts 
may be chosen, structured, and the procedures established for accomplishing their 
task. Rather we address ourselves to three critical factors which are involved in the 


1. The concept of measuring the cost of alternative communication systems as a 
measure of economic value is not a valid concept. See Appendix A. 


use of one or several experts to establish the economic value of spectrum. 

|. The underlying rationale associated with using experts for such a task. 

2. Factors which should be considered in choosing experts. 

3. The apparent advantages and disadvantages of this approach. 
4.3.1.2.1.1 Rationale 

Historically, in Canada, the role of government or centralized agencies in 
determining or influencing the allocation of economic resources has been minimal 
compared to countries such as Russia or even Britain. For most resources, we 
have let the free hand of enterprise determine the development and allocation of 
resources, under the assumption that private sector benefits are approximately 
coincident with national economic welfare. 

In some cases, centralized authority has played a dominant or even 
monopolistic role. Examples are such organizations as the CNR, CBC, and 
government activity in regulating fossil fuel distribution, etc. It appears valid 
to observe that, when resources of a national nature, or resources critical to the 
national welfare, are concemed, centralized decision making about its use and 
allocation are occurring more frequently. In other words, it seems that Canadians 
utilize and accept the concept of central management of national resources more 
readily today than was common 25 years ago. 

There are two ways in which such centralized management of a national 


resource OCCUrs. 
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(a) Legislative Regulation 

In this instance, the policy, management, and policing of the use 
of a national resource is carried out by the existing governmental structure. 

(b) Commissions 

In this instance, a body of experts is formed to establish policy and 
manage a national resource. An example of such a body is the CRTC which 
establishes policy and manages broadcast communications in Canada. 

The existence of commissions indicates that the philosophy of using a 
managerial-intellectual elite for the purpose of framing policy and managing 
a national resource for the good of all Canadians, is an acceptable and perhaps 
desirable form of economic organization. To be sure, this philosophy contradicts 
the philosophy of allowing individual enterprise to allocate resources, but our 
purpose here is not to judge which of these philosophies is better. Rather, we 
conclude that since the philosophy of centralized decision making does exist in 
several sections of the economy, it should not be judged, per se, as unacceptable 
for managing the allocation of the radio spectrum. 

The use of a body of experts to determine the economic value of spectrum 
usage, would give the experts the power to decide which users would receive 
assignments in congested bands. In effect, therefore, this approach to relieving 
congestion suggests the formation of a permanent commission to establish policy, 


manage, and police the radio spectrum in congested bands. 
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4.3.1.2.1.2 Choosing the Experts 

If a body of experts is used to determine the economic value of spectrum 
use, we must ask; what qualifications must an individual have to be considered 
"expert" for this task ? 

Since the value of spectrum usage has been defined in Section 4.2.3 as 
"the incremental effect of spectrum usage on the revenue statements of the user", 
the sole qualification necessary to validate an individual as "expert" must be 
evidence that he can estimate well the value of such effects for one or several 
uses of spectrum. For example, if an individual can demonstrate a capability 
of measuring or knowing the revenue effect of spectrum usage for an oil burner 
service business or taxi-cab service, he becomes a potential member of the body 
of experts. Secondly, one individual may qualify as "expert" for more than one 
type of spectrum use as when a business economist can demonstrate competence in 
measuring the revenue effect of spectrum usage for several types of users; i.e. 
power utilities, land mobile users and perhaps common carriers. 

A final point should be considered in choosing the experts who would assess 
the value of spectrum usage. Any expert chosen should be able to demonstrate 
lack of bias or prejudice towards any particular type of use. Thus ownership, 
management or consulting relationships with any spectrum user would perhaps be 


sufficient grounds for disqualifying an individual on the grounds of possible bias. 
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= He Oa aed eee: Conclusions 


The use of one or several experts to determine the economic value of 
spectrum usage is conceptually the simplest alternative. If the experts do a good 
job, (and there are no guarantees that this is even possible), an equitable and 
valid basis for choosing which users will receive frequency assignments in 
congested bands will result. To do this, the experts would probably have to 
devise an acceptable methodology to measure and rank the economic value of 
spectrum usage. It is this factor which probably leads to the major disadvantage 
of this approach. Users denied frequency assignments will probably reject the 
experts' decisions. Therefore a situation, common to most commissions, 
of hearings, conflicting evidence, charge and counter-charge would be the order 
of the day. 

There is another disadvantage to this approach. Not all users of the same 
type will have the same economic value for spectrum usage for a multitude of 
reasons. Ideally, we would like to measure what each user would pay, 
at maximum, for spectrum usage rights as the measure of what he feels its use 
means to his business. A body of experts would probably have to employ (for 
practical reasons) some standardized methodology of approximating this amount which 
would fail to take into account the variety of factors influencing any particular 
user's business. The average measure achieved would not really be accurate for 
any user because, in general, individual users will not be average. Thus the body 


of experts approach could probably not take into consideration factors which may 


be critical in any individual user's situation. 
In conclusion, this approach does not appear potentially useful for measuring 
the economic value of spectrum usage. If cannot practically take into account the 


complexity of the problem and its use would probably result in great confusion. 


4.3.1.2.2 Experimental Simulation of Users Value for Spectrum 
4.3.1.2.2.1 Rationale 

The basic philosophy underlying the experimental simulation approach is that 
the user of spectrum space is the only valid judge of his economic value or benefit 
from spectrum usage. Each user finds some economic worth in spectrum use. 
However, the worth will differ between users of the same type and also between 
different types of use. Secondly, the value of the use may, in principle, be 
more (surely the usual case) or less, (lack of knowledge about the merit of altern- 
ative systems) than the cost of the next best alternative since alternatives cannot 
guarantee the same level or quality of service provided by spectrum. In other 
words, both the revenue and expense statements of a business will be affected 
by each alternative system of communication. Therefore a user will judge the 
value of spectrum usage for its effects baths on revenue and disbursements 
(including capital costs) and not just on the cost associated with alternative 
systems of communication. The users' judgments about the value he receives from 
spectrum usage, therefore, appear to be more valid than an'alternative cost} or 


body of experts‘ approach. 
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Users are involved with their communication system and its effect on their 
business. They should be better able to judge the value of spectrum usage than some 
outside expert not particularly involved with the user's business or that type of 
usage. The users' judgments of spectrum worth would be most realistically 
measured by a market system of allocation as discussed in the next section (4.3.2). 

It is our purpose here, however, to explore and examine methodologies whereby 

the values established by such a free play of market economics might be 

approximated through the use of experimental simulation and measurement techniques. 
Our purpose is to determine if we oh measure, under less than realistic conditions, 
how the user would actually judge the value of spectrum usage in a free market system. 
In other words, we want to determine if the price a user would pay for spectrum 
under a market mechanism can be measured by a methodology other than the 


market mechanism itself. 


4.3.1.2.2.2 Potential Application of Experimental Techniques 

In the past several years, scientists in the field of experimental psychology 
have developed a number of techniques which attempt to determine how an 
individual would behave in a given real life situation. Many difficulties are 


encountered in this approach. The most crucial are as follows: 
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@) Can valid measurements of what an individual would do ina 
given situation be measured by his choices or behaviour in unrealistic 
conditions of simulation or laboratory. Many psychologists would 
raise questions as to the validity of such types of measurement. These 
qualifications always deal with the degree to which an experimental 
situation does not incorporate variables which would affect the 
individual in the real life situation. 


(b) A second factor which must be considered is the degree to which 
the individuals participating in the experiment are conscious or 

aware of the purpose of the experiment. If users brought into an 
experimental situation were conscious of the purpose of the experiment, 
they might attempt to influence the results to their ultimate benefit 
and therefore the results of the experiment would not be valid. They 
would "not tell it like it is". 


c) A third problem is that users of different types face different 
kinds of situations with respect to spectrum usage. Therefore, it is 
necessary to develop a technique which can take the different 
characteristics of different users into account and still be amenable 
to generalization. 


An approach which might be feasible for measuring the economic value 


of spectrum usage is called the "point of indifference" approach. In this 


technique, the individual is given the task of making decisions between values 


of two alternatives. The thing which is measured is the point at which the 


individual is just indifferent between specified values of those two alternatives. 


For radio spectrum, two alternatives which could be ranged before the individual 


in the experiment would be the factor of giving or providing an assignment of 


spectrum frequency at various levelsof cost to the user. 
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The value or cost of the spectrum at which the user is just indifferent as to 
whether he has spectrum or not would then be the value of spectrum to him. 

One requirement of this approach is that its purpose be disguised. If the 
user participating in the experiment could readily see its purpose the validity of 
the results would be,to say the least, highly suspect. It would be necessary 
therefore to devise a testing situation in which his answers regarding spectrum 
would be only one part of the experiment and a great number of other things 
would be done in the experiment to mislead the respondent as to what the real 
purpose of the experiment was. 


A second type of experimental measurement technique is as follows: 


would could should 


0 |. What dollar amount would, could, 
and should you pay for the right 
$ 100 to operate a business. 
$ 200 2. What dollar amount would, could, 
and should you pay for your vehicles. 
$ 300 
3. What dollar amount would, could, 
$ 400 and should you pay for tires. 
$ 500 4, What dollar amount would, could, 
and should, you pay for the right 
$ 600 to use a voice channel of the 
radio spectrum. 
$ 700 
$ 800 
$ 900 
$ | ,000 
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On the chart above three scales are listed on the left side of the page. 
These scales are expressed in dollars and consist of a scale for what the individual 
would be willing to pay, a scale for what he could pay and a scale for what 
he thought he should pay for a particular item. On the right side of the page 
are a group of questions of a business nature which the individual would be 
asked to answer by placing an appropriate mark on each of the three scales. 

For example, we have questions about what he would, could.and should pay for 
a license to operate a business or for what he would, could or should pay for 

the tires for his company vehicles and included in this list of questions would be, 
what he would, could or should pay for the right to use a voice channel on the 
radio spectrum. 

Although this technique may allow us to disguise the purpose of the 
experiment, it breaks down in that most businesses do not commonly purchase 
a great number of rights other than the right to use spectrum or the right to 
operate a business. The only business decisions that land mobile radio users 
have in common are those associated with their vehicles. Accordingly, it is 
very difficult to devise a set of questions that is sufficiently diverse and 


lengthy to disguise the purpose of the experiment. 
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Aes cle2e2 eco Conclusions 


The advantage of using a technique such as experimental simulation is 
that the value of spectrum usage expressed in dollars may be established, not 
on the basis of someone elses opinion, judgment, or measurement of what spectrum 
is worth to the user but rather upon what the user thinks spectrum is worth to him. 
lt is reasonable to expect therefore that users informed that they will not 
receive a frequency allocation because they expressed lower values for spectrum 
usage than other users will have few grounds on which to disagree with the 
management allocation decision, They will have determined their own fate. 

Given the limitation of time, it was not possible to delve more deeply 
into the development of experimental techniques for measuring the value of 
spectrum usage. We must conclude, however, after consulting an experimental 
pychologist, that there is a good potential for perfecting such a technique. It is 
likely, with more intensified effort by experimental psychologists a technique 
might be developed which would meet the necessary requirements of applicablity and 
validity. 

In general, this approach to the measurement of the economic value of 
spectrum usage, [assuming a market system is not politically acceptable] would 
appear to be better than any previous alternative discussed because it employs 


the users' judgments of value rather than estimates of what others think his value is. 
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Avoee The Market Mechanism 
AS a2 Introduction 


The market mechanism, or price system, is another way to reflect economic 
value of spectrum use. Section (4.3.2.2) deals with the general nature of the 
price mechanism, its range of applications, the major premises on wiich it rests, 
and its advantages as a system of resource allocation. Section (4.3.2.3) dis- 
cusses the most frequently heard criticisms of the price mechanism with respect 
to its application to spectrum management. Section (4.3.2.4) deals with the 
problem of defining property rights in spectrum use and its implications for the 


price mechanism. 


4.3.2.2 Nature and Merit of the Market Mechanism 

All societies must and have devised methods for allocating resources 
because resources are, in varying degrees, scarce. The price mechanism is 
such a device. Since few, if any, resources are available in superabundent 
supply, the potential scope for the application of the price mechanism is 
exceedingly broad. Indeed, ruling out the use of the price mechanism on 
its face is appropriate only in the case of true public goods. A public good 
is one where peoples' use of the good (or resource) does not interfere with 
any other persons' capacity to use or enjoy the good or resource. The list 
of true public goods, is short and becoming shorter. The traditional examples 
of air and water are no longer valid in some areas. The early history of 


radio in the United States makes it perfectly clear that the electromagnetic 
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spectrum is not a public good as defined above; the chaos resulting from 
treating it as if it were a public good is a matter of record. Accordingly, 
the price system has a potential application to the management of the spectrum 
that warrants exploration. 

Before turning to the application of the price mechanism to spectrum 
management, it will be useful to explore, in a cursory way, the salient 
premises and advantages underlying the market mechanism. The reason for this 
stems from our impression that spectrum users and managers tend to see the 
difficulties of applying the price mechanism (these are discussed in Section 
4.3.2.4) more clearly than they see the advantages. 

In the Western World, the price mechanism is routinely used to allocate 
resources, presumably because it is widely believed that, for most allocation 
problems, the price mechanism is the best alternative available. That there 
is strong support for this view is indicated generally by the observation that 
countries that make extensive use of the price mechanism tend to be richer 
(generally defined by GNP) than countries that do not. 

The fundamental principle underlying the price mechanism is a familiar 
one. Individuals and business firms acting in their own self interest will bid 
for and receive resources only when the value of the resource to them exceeds 
its price. The important consequence of this is that, apart from errors of 
estimation, resources will flow to those who can use them best and automatically 


adjust to correct such errors of estimation. 
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Those who believe they can use scarce resources to some advantage but 
not to a sufficiently great personal advantage to warrant paying the going 
market price will be denied the resource in question. This is desirable from a 
social viewpoint in that we want those who can use any specified resources 
only in a relatively inefficient or unwanted way (compared to alternative uses) 
to be denied use of the scarce resource. This is not necessarily or even 
generally true under alternative schemes for allocating resources (e.g. first 
come - first served, an equal share for all etc.). On the other hand, 
anyone who wants some quantity of a resource is assured of getting what he 
wants under the price system (not necessarily or generally true under other 
schemes) if he is willing and able to pay the going price. In general, he 
will be willing and able to pay only when he can use the scarce resource 
to create enough additional value to at least cover its cost. 

Assuming richer is better than poorer, society benefits from this process 
for two main reasons: (a) there is good reason to believe that resources 
will be allocated with a reasonably high degree of efficiency, and, (b) the 
price mechanism tends to induce behaviour that makes society richer (as 
measured, for example, by Gross National Product). 

Under the price system, people are encouraged to learn skills and pro- 


duce goods and services that are valued by others if they are to share the 
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rewards of economic activity. Under alternative allocation schemes, different 
behaviour may be induced. If scarce resources are allocated on a first come, 
first served basis, people will be encouraged to learn to be good at "queuing 
up". If resources are allocated in equal portions to all, people would not 
seem to be encouraged to do anything in particular. It should be clear from 
the above line of discussion that it is not a co-incidence that countries making 
extensive use of the price mechanism for allocating resources tend to be the 
richest countries. 

The merit of any system of resource allocation can be measured against 
the benchmark of maximum social value. Maximum social value occurs when 
there exists no change in the quantity, composition and distribution of output 
that will increase the total real income of the society. In order for the price 
mechanism to achieve this elusive condition, a very long list of conditions 
must be fulfilled. All of these conditions are never fulfilled simultaneously; 
accordingly, the price system cannot achieve the social optimum. However, 
lack of perfection is insufficient grounds for rejecting the price mechanism out 
of hand. The question is not "will the price mechanism allocate resources in 
a socially optimal way? (the answer must surely be 'no')" but rather, "will 
the price mechanism come closer to achieving this optimum than alternative 


allocation schemes?" The answer to this - the relevant question - would 


seem to be "frequently but not always in the affirmative". 


4.3.2.3. Frequently Raised Criticisms of the Market Mechanism 
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4.3.2.3.1 Externalities 

A frequently raised objection to the use of the price mechanism to 
allocate spectrum space is this: the value to society of use of spectrum for 
some kinds of application is much greater than the value to the user. Thus, 
the argument runs, if users were charged a price determined by supply and 
demand, severe distortions would result due to the disparity between social 
and private benefits. The supposed disparity is talked of as an'externality’ ‘ 

Externalities occur when the private benefit accruing to the owner of 
a resource is not equal to the social benefits or alternatively, the private costs 
of using a resource are not equal to the social costs. Externalities (also called 
neighborhood effects) may be negative or positive. Pollution is an obvious 
example of a negative externality. National defence or police services and 
possibly education are the standard examples of positive externalities. 

For most goods, services or resources, the person who buys them receives 
all or virtually all of the benefits from them. The reason for this is that his 
ownership of the good, or service, or resource, tends to preclude others from 
using it. 

We ordinarily ignore externalities (whether positive or negative) for 
goods and services for which the magnitude of the externality seems to be 
small, i.e. private benefits adequately approximate social benefits and private 


costs adequately approximate social costs. This is sensible because the cost of 
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estimating externalities and the difficulties associated with it would generally 
use up more resources than would be saved by any resulting improvement in 
resource allocation. 

The price mechanism tends to be a socially inefficient way to allocate 
when all three of the following conditions prevail: (a) externalities are positive, 
(b} they are large, and(c) it is difficult to devise a practical plan for collecting 
through the market mechanism from all who benefit. Defence is a classic example. 
If national defence (a service) were sold in the market there would be much less 
of it produced than people want. This is because everyone benefits regardless 
of who buys it and all would tend to hold back and wait for someone else to buy it. 
Police service is similar. If | lived next door to you and you bought a service 
under which your property was patrolled hourly throughout the night, | would 
benefit (without paying) because the patrolman would tend to deter burglars from 
entering my property about as much as from entering yours. Everyone would 
wait for everyone else to buy the service with the result that much less of the 
service would be provided than was really wonted. As an allocator of resources, 


the price mechanism breaks down under these conditions. 


1. Although our discussion centres on positive externalities it should be pointed out 
that negative externalities are at least as important as positive externalities -- 

Pollution is perhaps the outstanding example. Under the price system which turns 

on private costs not social costs we may tend to produce ‘too much' of same products like 
steel, pulp and paper, etc., which have negative externalities. In recent years 

in this country, we have taken steps to modify the unfettered action of the price 
mechanism in these situations. 

An imaginative and potentially very significant line of argument has appeared 
in the literature whereby the price mechanism can work to reflect these negative 
extemalities and achieve a close approximation to social costs and benefits - see in 
particular R. H. Coase - "The Problem of Social Cost", Journal of Law and 
Economics, 1962. 
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The existence of large positive extemalities in some services readily 
explains much of govemment activity in the provision of services. Some 
services have a value greater than the cost of providing them but profit- 
seeking firms will be reluctant to provide them esc enough of the benefits 
can be reaped by them. Where it is impossible or impractical to charge those 
who benefit from a service, the service will not be forthcoming from the private 
sector. As Robert Dorfman has put it: 

"“Govemments rush in where businessmen decline to fread? As a general 

rule, if a good or service is desirable, it will also be profitable and 

thus will be provided by private enterprise. But there are important 

exceptions to this rule. Government initiative is, for example, called 

for where investments that businessmen would deem unprofitable are 

socially worthwhile". 
4.3.2.3.1.1 Extemalities in Communications 

It would probably be the judgment of most people that there are 
externalities in communicationsand they are, on balance, positive. A couple of 
examples will perhaps suffice to indicate why this might be so. The terms of 
reference of this study require the study group to investigate means for increasing 
communications capabilities in the farnorth. This directive carries the implicit 
assumption that we now have too little communicationcapability there. Without 


government activity, we can assume as a first approximation, that current capacity 


reflects the private cost - private benefit relationship. 


IP Robert Dorfman (ed.) Measuring Benefits of Government Investments, The 


Brooking Institution, Washington, D.C., 1965, p.4. 
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If we are to contemplate adding to this, we must believe there are positive 
externalities. Secondly, spectrum use is subsidized generally, i.e. the 
revenues from licensing fees cover only about 30% of the operating costs of 
managing the spectrum. This too carries the implicit assumption of positive 
externalities. The value to society of communications using spectrum space 
is anybody's guess. In principle, a cost - benefit analysis could be done but 
like most cost - benefit analyses, the value of the results would presumably be 
open to question. 

It may be that externalities are positive and equal for all users of the 
spectrum. Here, the issue of externalities evaporates and the price mechanism 
would allocate resources properly in the social sense as well as in the private 
cost - benefit sense. It is unlikely, however, that this simplifying assumption 
approximates reality. It is far more likely that externalities are substantial for 


some users and so near zero for others that they can safely be ignored. 


4,3.2.3.1.1.1 The Zero Positive Externality Case 

For most, if not all, commercial enterprises who use communications 
systems as an adjunct to their business, the price mechanism for spectrum would 
appear to cause no distortions of a social value nature. 

These users, e.g. taxis, delivery services, etc., fully internalize 
all the advantages of spectrum and reflect these advantages in lower costs 


and prices. Where used, spectrum makes the operation more efficient and 
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the public benefits in the form of lower prices. There are no externalities and 
thus no distortion resulting from the use of the price mechanism. The price 
system says it all. Social benefits equal private benefits apart from possible 


complications raised by the issue of monopoly. 


4,.3.2.3.1.1.2 Services with Positive Externalities 

For some services that use spectrum space, e.g. defence, police, fire 
etc., positive externalities may well exist. For the reason outlined above, 
the market mechanism cannot be relied upon to assure that the socially optimal 
amount of services of these types will be forthcoming. Accordingly it is 
reasonable to conclude that an alternative to the market mechanism may well 
be superior. 

The usual alternative is some sort of cost - benefit analysis. Estimates 
of social benefit (essentially the sum of the private economic benefits that exist 
but cannot be collected for the reasons outlined above, (section 4.3.2.3.1)) are 
made and compared to the costs involved. 

The merit of cost - benefit analysis is open to a considerable range 
of opinion as revealed in the following quotations: 

"We have begun to grope our way towards a practical con- 
cept of economic planning which may prove in a few years time to 

be as revolutionary in its policy implications as was the Keynsian 

Revolution in economics thirty years ago. It also originated many 

years ago with a Cambridge economist - Keynes' contemporary Pigou. 

It is the concept of social costs and benefits. This leads to the 

revolutionary concept that we can actually add up the social costs 

and benefits in money terms by asking what value people would 


themselves put on them. We can then express them as the rate of 
return on capital as an ordinary capitalist would and so determine 
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our investment rationally from the point of view of the community 

as a whole, just as a capitalist can now do for his private point of 

view." 1. 

Against this view we have a comment by Arthur Smithies: 

i 4 ad - . ° 
The foregoing discussion leaves us two major conclusions. 

First, judgment plays such an important role in the estimation of 

benefit-cost ratios that little significance can be attached to the 

precise numerical results obtained. Second, competition is likely to 

drive the agencies toward increasingly optimistic estimates and far 

from resolving the organizational difficulties, computation of 

benefit-cost ratios may in fact make them worse". 2. 

Notwithstanding the limitations of cost-benefit analysis, assume that 
we conclude that certain services such as defence, police and fire protection 
etc., should be offered. It does not follow from this conclusion that spectrum 
space ought to be provided free of charge to such essential services or 
even that it should be subsidized. How to produce the service involves 
economic and technical considerations and the market works well in 
determining the nature and relative quantities of inputs required to provide 


the service. If we estimate by cost-benefit analysis (or merely judge in- 


tuitively) that fire or police protection should be provided, we pay for the 


Les Pe Hall} Labour's New Frontiers, (London, Andre Deutsch, 1964) 
p. 173. cited in A.R. Prest and R. Turney "Cost-Benefit Analysis: 
A Survey". The Economic Journal, no. 300, Dec. 1965 v. LXXV p. 7&8. 


Zs Arthur Smithies, The Budgetary Process in the United States, (C.E.D. Research 
Story) New York, McGraw-Hill, 1955, cited in Prest and Turney 
opwr citi p. 7du8< 
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service -- in taxes. There appears to be no special merit in singling out one 
input (spectrum) to be provided free. Extension of the logic suggests providing 
cars, trucks, rubber boots, and night sticks free as well. The obvious and 
general (except for spectrum) approach is to provide a budget (the size of which 
depends on the outcome of the cost-benefit analysis) and let the agency pro- 
viding the service buy in the market the inputs it requires to produce the quality 
and quantity of the service that has been decided upon. The important conclusion 
of the discussion is that the existence of positive externalities does not provide 
a reason for giving spectrum space free where it has a value and commands a 
price. Suspending the price mechanism for some inputs to the provision of an 
essential service is at best partial and at worst messy and inconvenient. 

In short, the argument that spectrum ought to be free and subsidized for 
services having positive externalities is not valid and has little to commend it 
from an administrative standpoint. If the price mechanism is ever used to al- 
locate spectrum, it is important that the 'red herring’ involved in this commonly 


raised criticism be identified. 


4.3.2.3.2 The Role of Capital Recsurcecain the Allocation of Spectrum 

The view has often been expressed that a small, rich group would end 
up with all the spectrum rights if they were sold or leased. This is an empirical 
question; its validity can be determined only by trying it. There are, however, 
fairly compelling reasons for doubting its validity. If firms and individuals are 
motivated by self-interest and spectrum rights were transferable, a business 


entity would only retain spectrum rights as long as their value exceeded 
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the price it could get if it sold or sublet the rights. Those who could use 
the spectrum to better advantage would be willing to pay enough to induce 
the original owner of the right to transfer it to him. Although the rich 
tend to own more of most things, there is every reason to believe that 
anyone could get all the spectrum he wanted if he were willing to pay the 
going price. 

One must acknowledge the possibility of a regulated natural monopoly 
acquiring, holding and using greater quantities of rights to use spectrum than 
was socially desirable. The incentive for firms in this category to sell rights 
to others who are willing to pay more than the value to the regulated monopoly 
is perhaps less strong since they operate on a cost base and are more or less 
assured of a stipulated return in capital. In any event, if there were great 
concern over the possibility of undesirable concentration of ownership occurring, 
limits in the amount of spectrum any one group or person could control could 
be devised. 

It has also been suggested that those with large financial resources 
could make substantial profits speculating in spectrum rights. We see no 
particular reason why the rate of return from trading in spectrum rights would 
be systematically different from speculation in land or common stocks. The 
price of spectrum rights could be expected to move up and down with 


technological changes and other factors affecting supply and demand conditions. 


82 


4.3.2.4 Problems in Using the Price Mechanism to Allocate Spectrum 

To work smoothly and efficiently, the price mechanism requires that prop- 
erty rights be defined, i.e. the nature of the package of rights to be sold or 
leased should be clear. A fundamental premise of the price mechanism is that 
the owner of a resource can exclude othersfrom its use. If he cannot, the 
incentive to owning it is reduced and the efficiency of the price mechanism 
declines. 

Ideally, the definition of property rights should be: 

(a) Unambiguous 

(b) Exclusive 

(c) Transferable 

(d) Enforceable 

To the extent these conditions and the others discussed earlier in Section 
4.3.2.2 are met, the price mechanism offers great potential as a device for 
allocating scarce resources in a efficient way. 

If the rights to use spectrum are to be sold or leased, it will be neces- 
sary to create packages of rights. This atch include such things as, (a) length 
of time for which the purchaser has the use of the right, (b) the hours of the 
day in which he is permitted to use the spectrum space, (c) the quality of the 
service he is buying, i.e. the degree of interference if any, and, (d) the 


geographic area within which he must confine his signals. Items (c) and (d) 
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pose difficult but not insurmountable problems. The nature of the problem can 
best be seen against the back-drop of our four desirable characteristics of 


property rights. 


(a) Rights should be unambiguous: 

The stipulation of unambiguous property rights in spectrum is complicated 
by the general nature of propagation of electromagnetic signals. Although it 
may be convenient to assume that signal radiation will cover a circle of a 
known size, (given power, frequency, antenna characteristics etc.) this is, at 
best, a rough approximation to reality. The size and shape of the area covered 
will vary substantially with such exogeneous factors as precipitation, sun spots, 
height of newly constructed buildings in the area, as well as other random 
factors. Accordingly, it is difficult to define in a precise way some important 
aspects of the right that is being sold or leased. The definition of property 
rights for spectrum is essentially probabilistic in nature. One cannot speak of 
the area covered but rather of its expected value and variance. The situation 
is roughly analogous to selling cars where the buyer is told that there are ap- 
proximately 8 chances in ten that he will have the car for his exclusive use 
300 randomly chosen days per year. It is important to note, however, that 
complete 100% control or ownership of an asset is not a necessary condition for 
the price mechanism to operate more effectively than alternative schemes. The 


price mechanism allocates land over which the owner lacks complete control 
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(it may be re-zoned, a new building may alter the view, he may not grow 
tobacco on it,etc.). 

History suggest that the courts can sort out property rights in ways that 
work. The problems of the ownership of the right to use water for example 
has complexities of a similar nature to those faced in the definition of rights 
for spectrum usage. New problems present themselves to the courts from time 
to time, e.g. ownership of the air rights above a piece of land. These pro- 
blems are solved; it seems reasonable to suppose that the problems peculiar to 


spectrum could also be solved. 


(b) Exclusivity 

The price mechanism works well when others can be excluded from using 
the resource in question. Ideally, rights should be exclusive. Under the price 
mechanism, a user of spectrum space might bid on and receive the right to 
cover an area 50 miles in radius centred in, say, Winnipeg. Generally it 
might be expected that an adjacent assignment (package of rights) will cover 
part of his territory some of the time and cause a degree of interference. Thus 
his right is exclusive only in a Sobebilistis sense. Of course, the package 
of rights to be sold or leased could be devised to reduce the probability of 


interference to as near zero as desired. 


(c) Transferability 


It is essential that rights be transferable if the market mechanism is to 
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function effectively. Without this feature, there is no reason to believe that 


the highest valued uses will be satisfied. 


(d) Enforceable 

Rights must be enforeeable. The incentive to own or rent spectrum rights 
is reduced to the extent that rights are unenforceable. Again the courts would 
have a role to play in the definition of property rights. 

The establishment of appropriate property rights would entail some cost to 
society. Against these costs must be weighed the benefits derived from im- 
proved resource allocation. 

It is trite to observe that the spectrum is a non-depletable resource. For 
this reason, experimentation with various techniques for managing the resource 
is made attractive. If mistakes are made, the power of eminent domain would 


presumably be available to rectify errors. 


4.3.2.5 Conclusions 

Given the foregoing, the market mechanism appears to be a valid altern- 
ative for dealing with a condition of excess demand for spectrum. The cost 
incurred in employing this solution are the economic benefits foregone by those 
users who are denied spectrum, (i.e.) the sum of their economic value for 
spectrum less the sum of the economic benefits they receive from the next best 


system of communication. 
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4.4, The Relative Value Concept: How to Use Economic Value to Exclude 
Users 


The previous sections of Chapter 4 have been concerned with defining the 
concept of the value of spectrum usage and exploring alternatives which may allow 
us to measure such an economic value. We must finally consider: 

(1) how economic value could be used to exclude users in a situation 

of excess demand for spectrum; 

(2) which alternative methods of measuring economic value is best; 

(3) what are the economic considerations of its use as a solution to excess 

demand; and, 

(4) when would it be best to use this method (alternative C; excluding 

users on the basis of economic value for spectrum usage) for dealing with 


the problem of excess demand for spectrum space. 


4.4.1 The Criterion of Exclusion 
Remembering that spectrum assignment for essential services are now justified 
on essentially non-economic grounds, and assuming exclusion is politically acceptable; the 
following applies only to non-essential fiat 
Assuming we have successfully determined the economic value for all users by 
one of the first two alternative methods (body of experts, or experimental simulation) 


these values would automatically rank all users as to their relative value for 


spectrum usage. The values would be stated on some unit of measurement such 


ta If you agree with the logic of section 4.3.2.3.1.1.2. then the discussion 
would apply equally well to essential services. 
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as dollars/voice channel/year. Using the ranking as a guide, the spectrum 
manager would assign frequencies to users with the highest values until no 
more frequencies were available. 

For the case of increasing licence fees, the users’ own values would 
decide the exclusion, and for the market mechanism we would simply define 
the property rights of spectrum and let the users sort out among themselves 
who has the greater value for its usage. 

Thus the relative values of users for spectrum usage whether managed 
by the DOC or by a market mechanism would determine the allocation, and 
automatically exclude those users with the lower economic values. If done 
by the D.O.C. with either experts or experimental simulation, a relative value 
scale (index) would be the guide. 

Those who wish to consider social values would have to readjust the 
relative value scale or weight it in some way to reflect their values about 
non-economic factors. 

4.4.2 Which Method of Measuring Economic Value is Best? 

No simple answer presents itself for this question. We can suggest, 
however, that experimental simulation is better than the body of experts 
approach because it measures the users’ judgments about the value of spectrum 
and not how others think he should value it. Unfortunately the simulation technique 
is not perfected and there is a chance that it can't be made to work. In general, 
however, we think there is a good chance it can be developed by a good team 


of psychologists. 
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Raising license fees, however, is far superior to both because it permits 
the user in a real life situation to decide how valuable spectrum is to him. 
In deciding between raising the license fees and the market mechanism 
no conclusion is obvious. If, however, a market mechanism is politically 
unacceptable or definition of property rights is too difficult, then raising 
the license fee is the best choice. 
4.4.3 Economic Considerations of Exclusion as a Solution to Excess Demand 
Whether exclusion of users is achieved by a body of experts, experimen tal 
simulation or a market mechanism we must ask what the economic costs will be. 
The users denied spectrum space would have some value for it but, unfortunately, 
less value than other users who received assignments. The total of the economic 
values for spectrum usage, which would have been received by users denied 
space, minus the economic benefit they receive fromtheir next best alternative 
communication system, is the economic cost of this solution to the problem 
of excess Hemenci This total is the foregone benefits which the users and 
the economy do not receive. In other words, the exclusion solution prevents 
those users denied space the incremental effect on income they would receive 
from spectrum usage and the economy therefore, does not receive these 
effects either. 
4.4.4 When is Exclusion the Best Solution to the Situation of Excess Demand? 
Excluding users from spectrum usage on the basis of their economic value 


for spectrum usage is one of four alternatives for dealing with excess demand 2 


ie The economic benefit received from the next best alternative system of 
communcation is a contribution to G.N.P. 
Dee See part ]Section 1.2.2.1 
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To refresh the reader's memory these were: 
A. Band Reallocation; 
B. Apply Technology; 


Cc. Exclude Users on the Basic of Economic Value of 


Spectrum Usage; and, 
D. Lower the Quality: Allow More Interference. 


Any one or a combination of them can be used to deal with excess demand. 
Exclusion (C) is the better solution when the costs of employing it (total of foregone 
benefits) are less than the costs of any of the other alternatives (A, B, and D). 

A Flow Chart and Decision-Tree applicable to this alternative for dealing 


with excess demand are found on the following two pages. 
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Decision Tree - The Exclusion Solution 


Criteria: Exclude users with lower economic benefits 


from spectrum use 


Measure Economic Value by 


(a) 


Centralized Management Decision 


ay Direct assessment: raise license fees 
a5 Indirect assessment 
ao: Body of experts 


a5; Experimental simulation 


(b) Market Mechanism 


bie Estimate the cost of each alternative above: foregone 
benefits minus value of alternative communication system. 


Choose alternative above with the lowest cost and compare 


with cost A, B, & D._ If lower, implement. 


man eee 


CHAPTER 5 


SUMMARY AND CONCLUSION 
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5.1 Introduction 

The Terms of Reference of this study are broad and do not direct the 
authors to specific issues. The key phrases are "formulate a philosophy", 
"determine economic guidelines", "review", "consider", "explore", "study" 
and "identify cases". The foregoing discussion has endeavoured to fulfill these 
Terms of Reference by developing an integrated framework which identifies 
the available altematives of Spectrum Management at all levels of analysis 
and for all conditions which may exist at any point in time and in any 
region or locality. 

In the remainder of this chapter we discuss: 

a) The basic philosophy for the incorporation of economic guidelines 

into the management of the radio spectrum; 

b) procedures for implementation of the philosophy through the 

flow chart of spectrum management, and 

c) a postscript. 

5.2. A Philosophy for the Incorporation of Economic Guidelines into the 
the Management of the Radio Spectrum! 

As the reader may well have noticed, a philosophy has implicitly been 
advocated throughout the discussions in this report. To approach an explicit 
statement of this philosophy we must first deal with the following. 

At any point in time, for all or any part of the spectrum, or region, 

or locality, assess the current situation. If there are no problems 


decide if encouragement is desirable and if so, how and to what degree. 
If a problem (scarcity) exists the philosophy can be stated as follows. 


1% Term of Reference (a) on Page iii. 
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Identify all possible alternatives for dealing with the problem and 

calculate or estimate the economic costs which would be incurred 

in their implementation; compare these economic costs and implement 

that alternative (or combination of alternatives) which achieves the 

minimum cost (entropy caused loss). 

This philosophy encompasses only economic costs as it is beyond our 
terms of reference to deal with social costs. We readily admit that social 
costs should be considered and hopefully integrated with economic costs to 
form a joint guide for spectrum management 
ee) Procedures for Implementation of the Philosophy through the 

Flow Chart of Spectrum Management 

We have attempted to identify all possible conditions and alternatives 
which may exist for spectrum management. No doubt, some alternatives may 
have been missed and in the future more may be developed, especially in 
the technical area. We would be pleased to incorporate any other valid 
alternatives which can be suggested. 

In order to bring all the preceding discussions into a meaningful whole, a 
comprehensive Flow Chart of Spectrum Management, incorporating all the alternatives 


and the relationships between them, is given on the following page. The basic manage- 


ment decision rules are included on the flow chart. This is followed by detailed decision 


trees for each major condition. 


Il. The level at which they should be considered is the central issue. 
It is our judgment that social benefits (externalities) should be 
considered in determining what services should be offered and in 
what quality. The provision of factor inputs (e.g. spectrum) is 
probably best left to the market mechanism. 


external constraints 


allocate bands 


FLOW CHART OF SPECTRUM MANAGEMENT ALTERNATIVES 


at any point in time: for all 
or any part of the spectrum, 
or region, or locality 


Decision Rule: When scarcity: 

(1) examine all possible alternatives 
of A, B, Cand D, and, 

(2) choose that alternative with 

lowest economic cost 


Decision Rule: No scarcity: 
establish degree of encouragement desired 
No and subsidize or promote as required 
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The Decision Trees for each major 
condition ( scarcity-no scarcity) 
and each major alternative to 
scarcity (A,B,C, & D ) are found 


on the following pages. 
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DECISION TREE - NO SCARCITY 


1. Decide whether spectrum use will be encouraged. 


2 If yes: decide to what degree and by what method as 
shown on Flow Chart. 


oe Implement your best social and political choice. : 
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Decision=Tree - Band Reallocation 


Determine the current state of spectrum utilization for all 
bands by type of use, in all regions and localities. 


On the basis of the best information available, predict the 
technological advances which are, or will become available 
to increase the supply of usable spectrum. 


On the basis of the best information available, predict the 
future demand for spectrum space by type of use for all regions 
and localities. : 


On the basis of (a), (b) and (c) above, develop a reassignment 
of bands which achieves the best fit with current and expected 
events and also preserves the highest possible degree of flexi- 

bility should events turn out differently than expected. 


Determine the costs that will be incurred: (1) through any 
adjustments in equipment, required of users, to meet the 
requirements of the new plan; (2) for research and develop- 
ment required to implement the plan; and, (3) for the 
Department of Communications to administer the implementation 
of the plan. 


If the costs of reallocation are less than alternatives B, C and 
D choose reallocation as the solution to excess demand. 


If A is the least expensive alternative, devise a scheme for 
apportioning the costs of the reallocation. 
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eed 


Decision Tree - Extend Space and Use Through Technology 
ee eed Sey ee OUR Aeennology 


Alternatives 
(a) Increase Supply of Available Frequencies 


ay Develop further reaches of the spectrum 
a9 Increase space within bands 
a9; improve equipment 


aj.. change mode of transmission 
ii 


(b) Increase Efficiency of Bandwidth Use 


b, Reduce power requirements 

bo Modify equipment and/or antennas 

b3 Share channels (following methods or others) 
b3; TDM 
b3;, coding 


b3;;; simple sharing 
b3:;, priority sharing 
3 orthogonal transmission 
Vv ° e 
b3,; bandwidth compression 
propagation data 


Ze Estimate cost of each alternative: 
R & D, plus user capital cost, plus D.O.C. costs 
(management). 


3: Compare the costs of each alternative to identify 
the least costly. 


Compare identified lowest cost alternative with the 
costs of alternatives A, C and D. If lower, implement. 


Alternative Cc. 100 


Decision Tree - The Exclusion Solution 


iB. Criteria: Exclude users with lower economic benefits 


from spectrum use 


ee 


Measure Economic Value by 


(a) 


Centralized Management Decision 


q] Direct assessment: raise license fees 
a5 Indirect assessment 

a9; Body of experts 

Q5:; Experimental simulation 


(b) Market Mechanism 


Estimate the cost of each alternative above: foregone 
benefits minus value of alternative communication system. 


Choose alternative above with the lowest cost and compare 
with cost A, B, & D. If lower, implement. 


Alternative D 


DECISION TREE - LOWERING QUALITY: 
W E F 


Estimate the costs of employing this solution: The 
difference between Type | and Type II losses. 


Compare cost with alternatives A, B and C and if 
lower, implement. 
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We are strongly convinced that the philosophy, the Flow Chart of 
Spectrum Management, and the decision trees presented on the previous 
pages can achieve the best possible minimization of entropy in spectrum 
management. 

Since many of the inputs cannot be accurately measured and the 
future is not accurately predictable it is probable that entropy effects cannot 
be avoided entirely. It is only possible in this situation to strive for the 
best possible minimization of entropy effects in the management of the 


radio spectrum. 


5.4. Postscript 

It is possible that most of the inputs specified in the decision trees 
are currently being gathered by other study groups of the Telecommission. 
For example, the terms of reference of Telecommission Study 2 (h) indicates 
that it should be providing much of the information required in the decision 
trees for band reallocation and the application of technology. 

If, however, not all information required by the decision procedures 
is being gathered and gaps occur, the approach of this report, although 


still useful, cannot be completely employed to its logical end. 


APPENDIX A 


The Fallacy of Using the Cost (price) of Spectrum as 
Measure of the Economic Value of Spectrum Use. 


104 


We must state categorically that measurements of costs: (1) of radio com- 
munications systems; and/or (2) of alternative communication systems cannot be 
used to measure the economic value of spectrum use. We inelude this section, 
however, since much of the literature! on the value of spectrum usage attempts 
to use a "measurement of costs" approach, and for a time these authors were 
led down this same garden path. 

It is very simple to debunk the concept of measuring the economic value 
of spectrum use by measuring the costs of spectrum or costs of alternative com- 
munication systems. We have shown in Section 4.2.3 — that the real value of 
spectrum usage is the incremental effect of its usage on the revenue statements 
(gross revenue) of the user?. On this point the literature is fairly well in agree- 
ment?, The following logic demonstrates that the costs associated with spectrum 
usage, of any communication system for that matter, are not related to the value 
of spectrum. 

A spectrum user receives an incremental effect on gross income from 

spectrum usage. The price he pays (cost) for spectrum usage may be 

less than, equal to, but not greater than the income effect. If it is 

greater the user is economically rational to not use spectrum. 

The user would be economically rational to pay any price (cost) for 


spectrum usage up to that point where the price (cost) is just equal 
to the income it generates. 


y, For example see Hoxie, L.E., "The Relative Value Index Concept of 
Spectrum Management", Prepared for the Office of Telecommunications Manage- 
MENTS sao, | Opel ance, 

Zz; This is also its effect upon the GNP of the Country. 

on HOxi6) ul sty Op mclinoweco. 
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The income generated is not dependent upon the price paid 
for its use. Except in the rare, knife-edged case, where 
the price (cost) of spectrum facing a user is equal to the 
value of the spectrum, the price (cost) the user pays will 

be smaller (often very much smaller) than its value. The 
difference is the familiar concept of "Consumer Surplus”. | 

If we know the dollar value of this consumer surplus then the 
total of his surplus and his costs (price of spectrum) will be 
equal to his economic value for spectrum usage. 


The measurement of consumer surplus is probably more difficult than 
measuring the income effect, therefore it is a better choice to try and find 
a direct measure of spectrum income effects. 

In conclusion, any attempt to measure the value of spectrum usage 


through the measurement of costs is fallacious. 


UE EnE REE 


iP Readers unacquainted with the concept of Consumer Surplus would be 
well advised to refer to the literature of economics on this point. 
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